TUTOR 


Aſtronomy & *Geography, 


'OR, 
The Uſe of the 


Copernican Spheres; 


In two Books. | 
The firſt being an Explanation of the Copernican 


Hypotheſis and Spheres. 
The ſecond proving the Phaxnomena ſalved by the 
' Earths Motion,as well as by its ſuppoſed Stability 3 . 
= by the Application of- theſe Spheres to 
Proble emes Aſtronomical, Geographical, Naxtical, 
Aſtrological, Gnomonical, and: Trigonometrical. 


By JoSEPH Moxo N, Hydrographer to the 
Kings MoiT Excellent Majeſty. 


—w 


LONDON, 


pn EIT 


- Printed for Joſeph Moxor, and fold at his Shop or on : 
Ludgate-hill neer Fleet-bridge, at the Signe 
of . Atlas, 1665. 


TUTOR 


Aſtronomy & *Geography, 


*"O KR, 
The Uſe of the 


Copernican Spheres; 


In two Books. 


The firſt being an Explanation of the Copernican ' 

Hypotheſis and Spheres. | 

The ſecond proving the Phaxnomena ſzlved by the >; 

_— Motion,as well as by its ſuppoſed Stability 3 . bj 

way ears by the Application of theſe Spheres to 

emes Aſtronomical, Geographical, Nantical, | 3 

pr re? Gnomonical, and Trigonometrical. - By 
By JoSEPH Moxo N, Hydrographer to the 

ps MoTTExcellent Majeſty. 


—— 


—y 


| LONDO ) W, 
Printed for Joſeph Moxoy, and ſold at his Shop or on : 
Ludgate-hill neer Fleet-bridge, at the Signe 
of Atlas, 1665... =O. 


. * 
4 : 
+ 


+. 
A453 


, * 
a + * 
% 


- #54 
IL oF 
4% © = 


PENN Fife B Bzon NeEraR:. 


Preſident ofthe Royal Sa- | 


_ of Londen, for Emproving of. 
| Nacural — ©6. SAN 


12 WU of the Coper- 
£ nIcan Spheres, / 
SY 7 Frys Deaicate 
to Your L ordship: who being 
E/ignally eminent for Virtu- , 
fours Endowments, will, I _— 

hope, out of Jour abundance, | 

paraon 


Fol 


+ : 4*X 
>» "SY A gn Sth ” - - m 1 : n "i n 
4 _ SPS <4 - var" BT 2. EE. EF, l $05 $4 eas ap GO 7 BIR I by eB ” Ic B 
Fi : + oa LI OS,” Rs -; Wa, 4 TS »6.> 45 # BY I WEE v5 % "0,5 okay ;, { ay 
» #. b£Y ; "> OW » C Y L 
Y - - PEN. P * '% $ 7 
* 2 ; . q 
6 $2 
$ - 
. be —_— 
ed. n 
a . 
” 
WW \ 4 


pardon my Pre ——— 3 
| ſithit onely proceeds from a 
great deſire { have to ſerve 
Tour Honour. In which 
hopes I aſſume the boldneſs 
 towritemy ſelf 


Your Lordſhips moſt humble ſervant.. 


Joſeph Moxon. 


ER) for Copernican Spheres, hath 
WY! induced me at laſt to adven- 
4 ture upon the making them 
ved | both General and Particu- 
== lar : The General for De- 
monſtration,and the Particular for Operation. 
The Diameter of the Starry Orbs are 20 In- 
ches; And the ſubſtance of the Circles re- 
preſenting the Orbs, is partly Wood, and 
partly Braſs : The oreater Orbs are Wood, 
and the leſſer Braſs. The wooden Orbs are 
firſt made into ſtraight thin Riglets curiouſly 
glewed cloſe upon one another il] they be- 
come of a convenient thicknels and ſufficient 
ſtrength ; .and afterwards by Art made into 
Circles and Orbs : which Circles thus made, 
do not warp or ſhrink, as other wooden Cir- 
cles will ; Becauſe the ſeveral Riglets hinde 
one another from altering their exact ſhape : 
And therefore they are as good for uſe thus 
made, as if they were made of Mettal ; Nay 
far more cheap and handy. For were a Sphere 
made of Braſs of 20 Inches Diameter, its price 
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(ro-moſt ) would be unacceptable , and its 
weight troubleſome. . - Theſe Orbs and Cir- 
cles are afterwards clothed with Papers print- 
ed on Copper Plates, . properly Engraved for 
che purpoſe. And laſtly, the whole is fo {et 
together, that with the help of Rundles and 
Wheels,with great caſe and delight all doubts 
are cleared,and difficulties removed that may 
hinder the Solutjon of the Phoxnomena by 
this Hypotheſ, . = 
And for.your further accommodation, Be- 
caule theſe Spheres were never made in Exg- 
land before for. general ſale, and therefore 
much unknown ; I have writ this Book of the 
Liſe of them; wherein I have endeavoured to 
ſpeak plain to every man's Capacity: And, 
chat I might be-the plainer, I have purpoſely 
ele&ed moſt of the ſame Problemes and Ex- 
amples, and as neer as I could, the ſame Terms 
T did in the Ule of the Globes ; judging -it 
more cafe for a Student to learn what he is 
{omwhat familiar with, than to begin in ſuch 
manner and matter with which he is not at all 
acquainted. Farewell, | 


Toſeph Moxon, 


bs 


a it were a New Syſteme of the Viſuble World. 
s B 


The Firſt Boo x, 
Being a Relation of the 
_ Copernican Syſteme z 


And - 


An Explanation of the GentrarL and 
PARTICULAR SPHERES, madeac- 
cording to that Hypotheſis. 


PRAFACE. 


mx OPERNICUS conſidering the 


I Q N Defect of the Ptolomean Syſteme, was 


= deſirons to know if among the Ancients 
any famons Philoſopher admitted another Hypo- 
theſes : And when he found Pythagoras beld an 
Annual Motion and Diurnal Rewolution be- 
long to the Earth 3 he dnely examined the Opi- 
nion, and found it ſo Rational and Perfect , that 
himfelf became of the ſame Perſwafion. Upon 
this, He revives the Hypotheſis , and ſets forth 
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PREFACE. 
In this Syſteme 3s placed the Sun in the Center 
of the Univerſe, making a Revolution about its 
own Center in almo$t a Moneths time ; and about 
him move contentrically all the other Celeſtial 
Bodies, except the Moon, and the Concomi- 
tants of Saturn and Jupiter ; Next abont the 
Sun moves the Orb of Mercury,which performs 
a Revolution about the San in 80 dayes ; Next 
about Mercury the Orb of Venus , performing 
its Revolution in nine months ; Next about Ve- 
nus the Orb of the Eatth and Moon , moving 
about the Sun in one Tear. The Moon being car- 
ried abont the Earth as a Circle about its Center 
in 28 dayes ; Next aboxt the Earth the Orb of 
Mars, which moves about in two Tears ; Next 
about Mars the Orb of Jupiter,and hzs four Con- 
tomitants, in twelye Tears ; About Jupiter the 
Orb of Saturn , and his two Concomitants , in 
thirty Tears : And all theſe Orbs are included 
and ſhut up within one Orb of the fixed Stars ; 
which hath a common Center with all the other 
Orbs, viz. the Sun ,, through which Orb the 
Equator revolves upon the Axis of the Ecliptich, 
an 25412 Tears : And for this cauſe this Starry 
Heaven was formerly thought to perform a Re- 
volution in that ſpace of time. 


This Hypotheſis being look'd upon in Schools 


as 
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as a Novel Intruſion, bath found much oppoſiti- 
on : Nor 15 it a wonder; for Ptolomy's $ yſteme 
having for a long time been read to young Pupils, 
and ſeeming plauſible to Sence, and pleaſing to 
Fancy ; hath gained ſo much favour, and ſuch a 
general acceptance, that as at fir$ it was their 
Task to ftudy bis Theory, afterwards they thought 
it their Duty and Intere$t to defend their Pra- 
Giſe, by eſpouſing a Controverſie againſt the Co- 
pernicans, 

Copernicus himſelf hath learnedly defended 
this Hypotheſis : And ſince him, ſeveral other 
Learned Tudicious and Serious Perſons have 
done the like : And among the reſt , Galilzus, 
whoſe curious ſcrutiny in Celeſtial Speculations, 
bath with bis Teleſcopes diſcovered ſuch wonder- 

[ Appearances among the Heavens to confirm 
this Hypetheſrs, that who ſo liſts but to peruſe his 
Dialogues #por the Syſteme of the World, ſhall 
therein finde ſuch pure Reaſon, and concluding 
Arguments, that undoubtedly he ſhall cloſe with 
this Opinion. | 

Now though my Intenfions be only.to write the 
uſe of theſe material Spheres, and not to defend 
the Syſteme ; for that were an endeavour (as the 
Vulgar Proverb ſayes ) to add hight to the Sun 
by ſetting up a Candle ; yet I think it proper in 
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this place to znſert ſome of the ſtrongeſt Argu- 


ments the Ptolomeans bring againſt this Hy- 
potheſis ; and alſo the Anſwers the Copernicans 


give unto them. 
ARGum. I. Is againſt the Motion of the 


| Earth: For, ſay they, Weee the Sun, Moon, 


and Stars riſe in the Eaſt, makea progreſs 
through the South, and ſet in the Weſt, 
Therefore our Viſual Senſe demonſtrates 
they move, not we. 

In anſwer to this we may urge, That the Senſe 
of Seeing is deceitful , and makes that ſeem to 
move which ſtands ſtill; and that ſtand ſtill 
which m»ves * as is often ſeen upon the Water : 
For Rowing in a Boat, the Boat ſhall ſeem to lie 

ill in the Water, and the Banks of the Shore 
ſhall ſeem to ſlide away from us: And many times 
the Moon and Stars ſhall ſeem to go along with 
1s which way ſoever we go. | 

AK 6-uM-. 2. Looking round about us, 
the Heavens appear on each quarter exactly 
equi-diſtant from us : Therefore the Earth is 
in the Center of all the Heavens : For, were 
It 1n any other place, we ſhould perceive one 
partof Heaven neerer to us than another : 
and the Stars would ſhew greater .on that 


part of Heaven, which ſhews neereſt to us, 
and 
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and leſſer in that part of Heaven which ſhews 

= fartheſt from us. 

; Anſw. The diſtance of the Starry Heawen 
from the Sun, which is the Center of the Star 


; Heawen,is ſo vat, and the diſtance of the Earths 
| Orb ſo ſmall, that it ſeems in the wery Center it 
' ſelf; and therefore makes in the (ight no altera- 
; tion : as by this following Scheme and Example 
may beunderſtood. 

: B ENT 
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| 
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Imagine this Circle were 20 Inches Diame- 
ter, and it repreſemed the Starry Heaven : ” - , 
| ; 
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the Center of this Circle.; which 3s on all parts 
equi-diſtant from the Circumference. The Line 
A B (its half Diameter.) will then be 10 inches 
long. Now fuppoſe this Line were divided into 
675 eqnal parts (for the Semi-diameter of the 
Starry Heawens contains the Semi-diameter of 
the Earths Orb 6875 times ) and that the Cen- 
ter were removed from its true place one of thoſe 
equal parts : Then may you fir$t conſider the ap- 
parent length of one of thoſe parts ; and ſecond- 
ly, what difference in appearance from the Cen- 
ter it would have. If the whole length 10 inches 
be divided into 6875 equal parts, then ſhall 
every inch be divided into 687 .-parts, which is 
fo ſmall a length, that it exceeds not half the 
bredth of an hair on a mans head, according to 
a tryal I have made for that purpoſe : And what 
difference at the Circumference half a hairs 
bredth will make from the true Center of a Cir- 
cle of 20 inches Diameter, is to be conſidered. 
It 35 true, it is a difference from the true Center, 
but a difference fo ſmall, that no man with the 
Point of a Needle can make a perceptible mark, of 
that ſize. 
Now though the diſtance of the Earths Orb 
from the Center of the Starry Heaven be ſo ſmall 
that it is ſcarce ds fſcerneble by "o- of the waſt 


iſtance 
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diſtance of the Starry Heaven , yet the diftance 


of the Earths Orb from the Orbs of Mars and 
Venus is not ſo great,but that a ſenſible difference 
appears at ſeveral times in the ſight of theſe 
Planets : For Mars in his Perigeum, that zs, 
when he is neereſt to the Earth , appears ſixty 


times bigger than in his Apogeum, which is his 


greateſt diStance from the Earth : And Venus 
in her Perigeum appears forty times bigger than 
in her Apogeum ; As with the Teleſcope hath 
been obſerved by Galilzus, and others. 

ARGum. 3. Itisagainſt Reaſon to think 
the Earth ſhould turn round ; For then we 
ſhould every Converſion have our Feet 
turned upwards, and our Heads hanging 
downwards in the Ayr ; Our Houſes would 
tumble over; and every looſe thing , as 
Stones, Animals, &c. fall from the Earth, 
as having nothing to reſt their Weight 
upon. 

Anſw. It is unreaſonable to think Nature 
ſhould Create any thing to its own DeſtruSion 3 
which we mu$t allow, in caſe the place aſſigned 
it by Nature be not apt enough to retain it : for 
nothing can ſubſiSt without a proper place : But 
we ſee it cuStomary with Nature to A& beyond 
Valgar Reaſon : For, whether the Earth turn 
round, 
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round, or ſtands ft xt in the C enter, at matters not 
m this Argument : For we all allow the Earth 
to be round, and few men now are ſo unskilful 
in the ſhape of the Earth, as with LaGantius, 
to deny an Antipodes to every place on the 
Earth ; which Antipodes, according to the rea- 
ſon of this Argument, is as much ſubje&i to theſe 
Caſualties as the whole Earth in its Converſion. 
Nay, the whole Earth by admitting Antipodes, 
runs equal hazard of dropping all looſe things 
into the Ayr, as admitting of the Earths Con- 
eerſron does. 

Axrxcum. 4 If according to the Coper- 
nican Doctrine the Earth move round from 
Wet to Eaſt in 24 hours, then admitting the 
Circumference of the Earth to be 21600 
miles, it muſt in one hour move goo miles, 
and in a minute 15 miles, and in the fifth 
part of a minute 3 miles; ſo that if a Stone 
be let fall from an high Steeple, and it be the 
fifth part of a minute 1n time falling, which | 
it may be from ſeveral Steeples in London, by 
that time the Stone-comes to the ground,the 
Earth ſhall have paſſed from Wes? to Eft 
3 miles ; and the Stone mult by conſequence 
fall 3 miles to the Weltwards of the bottom 
of the Steeple. To this Argument may be 


K. E oY PREET, *O Y 
> £8 3g © tes "= 
<a RY, 
w "i *%4 "I Las + 


PREFACE. 


added , that Pidgeons may 'by.ſtrength of 
their Wings fly three miles. to' the Weſt- 
wards from their Dove-houſe.in one quarter 
of an hour : But+in this: tinie ſhould -the 
Dove-houſe by the Earths motion' be prece- 


ded Eaſtwards. 225 miles,. which with the 


acquired motionof three miles, makes 22% 
miles; and-then they ſhould alight 228 
miles off their Dove-houfe...Both which Ar- 
guments, and ſeveral other of the ſame Na- 
ture, Experience contradicts : Therefore the 
Earth ſtands ſtill. F-T2 

Anſw. By the Earth is not meant only this 


bare Ball of Earth and Water whereon we in- 


habite ; but the whole Body, as it is clothed 
with the Elements of Ayr and Fire: For theſe 
Elements are frequently convertible into each 
other : And, as Philoſophers teach us, are never 


ſo purely one us not to have a mixture of all : 


Therefore what ever is within this Sphere of 
Elements, we ſay is inthe Earth, though part of 
theſe Elements for their purity be elevated above 
the Surface of that Soil whereon we go. And 
therefore when we ſay the Earth moves , we do 
not mean onely that part of the Elementary 
Sphere which we call Earth ; But by the Earth 
we mean the whole Body of Elements, which is 
C according 


em 
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according to this Dottrine agitated by one ſingle 
attivity ; and what moves in any part of this 
Sphere, moves in all : As for Example; The - 
Stone and the Doves - being Elementary Bodies, 
are incloſed within the Sphere of the Earths 
 Adlivity, viz. within the Ayr at the higheſt ; and 
therefore have the Motion impreſt upon them 
that the Earth bath : For which way ſoever the 
Stone falls, or is thrown ;, or which way ſoever 
the Pidgeon flies , they move along Eaftwards 
with the Earth though they fly Weſtwards.Thus - 
Experience ſhews, that if a Ship Sails in a ſwift 
Motion Weſtwards,it may-n one Second of Time 
run about three Yards; And if one let fall 2 
Stone from on high into the Hold, that Stone 
ſhall not fall three Yards Eaftwards from the 
Perpendicular Point but ju$t upon the ſame Pot 
in the Bottome of the Hold it would have fallen 
if the Ship had layn ftill, viz. on the Point Per- 
endicular to the Point above it from whence it 
was let fall : When as if the Stone had not recei- 
ved the impre$t Motzon of the Ship, it mu$t have 
fallen three Tards to the EaStwards of that 
Point. | 
 AxrGum. 5. The Earthis a heavie Bo- 
dy, and therefore unfit for?Motion , eſpect- 


ally through the pure Heavens 3 for ſuch is 
_ the 
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the ſublimiry of them, that the weight of 
. the Earth would preſs throvgh them; and fo 


It ſhould lole its place. | 

Anſw. If the Earth be a Heawie Body , yet 
it 35 not unfit for Motion , if the moving Power 
be Strong enough to ſet it going : But heavie Bo- 
dies are more unfit to lye ſtill in the ſublime Hea+ 
wens, than to move in them. For thus we ſhall 
ſee a Stone thrown into the Ayr, while it has mo- 
tion it will abide there ; but when the- Motion 
dies, the Stone falls. 

Thws briefly have you heard Ptolomy Plain- 
tiff, and Copernicus Defendant (pardon theſe 
Law phraſes) And you have heard the chiefeSt 
Natural Arguments and Anſwers on either fide. 
The Cauſe 3s referr d to your own Tudgements. 

Copernicus alſo has a Plaint again$t Ptolo- 
my, and brings good Evidence that he traduces 
the whole Syſteme of the World, makes it mon- 
ſtrous, prepoſterous, deficient, abſurd, irregular, 


nunatural ; and in a word, compounded of in- 


 congruities : His Witneſs are Sence , Reaſon, 


Experiment, and Demonſtration : He onely de- 
ſires an Intelligible Tudge,and doubts not but he 


ſhall cafÞ Ptolomy. Tet ſuch as are deſirous to 


know what he bas to plead, may peruſe Himſelf, 
Kepler, Bulialdus, Lansbergius,Galilzus,Hel- 
vetius, @c. 3 But 


— 
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But Copernicus has not quite cleer'd himſelf, 
He muſt anſwer another ſort of Antagoniſts : For 
as of old this Hypotheſss was condemned by the 
Religious men of thoſe Times, who thought it 
Blaſphemy againſt the Goddeſs Veſta to deny her 
the Attribute of Stability ; ſo now many reje& 
i, becauſe they think it again$t the Dofrine of 
our Religion ; and plead ſeveral places of Holy 
. Writ again$t this Opinion. And firſt, to prove 
the Earths ſtability, they objeS& that in Plal. 104. 
5. He ſet the Earth upon her Foundations, ſo. 
thar it ſhall never move : And in Plal. 24. 2. 
He hath founded it upon the Seas, and eſta- 
bliſhed it upon the Floods : with ſeveral other 


places of the like ſence. 


Anſw. There is nothing in theſe Scriptures 
again$t the Motion of the Globe of Earth ; but e- 
nough to enſure us that the Element of the Earth, 
I mean the Land , ſhall never move out of the 
place God hath aſſigned it : Becauſe it hath its 
Foundation on the Seas,and there it 1s eftabliſh- 
ed : For neither doth the Pſalmi$t , or any other 
boly Writer deny, that as it 3s a Globe, it hath a 
Motion : But they ſay, as it 1s a ſolid Subſtance, 
and Land,it hath its Foundations, 8c. And it is 
plain the Spirit of God in thoſe Texts means the 
Land, and not the whoke Ball Aftronomers call 

Earth, 
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Earth, which conſiſts both of Earth, Water, &c. 
for Moſes tells us Gen. 1.10. that God called 
the dry Land Earth. 
Secondly, To prove the Motion of the Sun, Obje.2. 
they quote Ecclel. 1.5. where it is written, The 
Sun Riſeth, and the Sun goeth down, and 
draweth to the place where he Riſeth : Pſal. 
19. 5,6. where the PſalmiSt ſpeaking of the Sun, 
ſaith, Which cometh forth as a Bridegroom 
out of his Chamber,and rejoyceth as a migh- 
ty man to run his Race : His going out 1s 
from the end of the Heaven, and his Com- 
paſs is unto the ends of the ſame: with ſeve- 
ral others to.the ſame purpoſe. 
Anſw. We muft not thinkgt the intent of the 
Spirit of God in theſe places, or ſeveral other, to 
teach us the Regiment of the Sun ; But to ſet 
us admiring the Works of the Creation, that ſo 
we might be the apter to glorifie him : And to this 
| purpoſe his Pen-men knew it as adwvantagions to 
ſay the Sun Riſes and Sets, as to ſaythe Earth 
turns about ; for it ſhews equal Power in the 
Creator, to Ordain the Sun a Motion about the 
Earth, as to give the Earth a Motion about the 
Sun. But it better fitted the purpoſe of thoſe Ho- 
ly Scribes, for that they in the whole Current of 
Sacred Scripture writ to the Vulgar Capacities 
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of every man; and therefore choſe a plain and 
frmiliar Diale& : For thus they frequently re- 
preſent to us God, as Man, ſpeaking as if bis Bo- 
dy were compoſed of Members,viz.Hands, Arms, 
Eyes,Ears, &Xc. And bis Mind addicted to Paſ- 
fions, as Anger, Mirth, Sorrow, &c. Not that 
he is compoſed of Members, for they knew he is a 
Spirit ; or that be 3s ſubjeS to Paſſions , for 
they knew that he is unchangeable, one and the 
ame for ever : But that they might ſuit their 
Divme Diſcourſes to Humane Underſtanding, 
they tell us Mortals, how God ſees and hears all 
our works and words , as if he had Eyes and 
Ears: And that Himſelf will give Reward or 
Puniſhment, as if he had Hands and Arms,@c. 
And that all the Decrees of God, whether Bleſ- 
ſings for good Works , or Curſes for wicked 
Works, ſhall as unawvoidably come upon the God- 
ly and the Wicked in due time , as if a Formal 
Proceſs ſhould gradually prepare the Execution. 
Beſides, to our ſenſual appearance the Sun 
doth Riſe and Set, and ſhould the Spirit of God 
have ſaid the Earth turns aboutit might ſo hawe 
confounded Vulgar Underflandings , that the 
Praiſes, Glory aud Honour due unto God, might 
bave been neglecied through the Unbelief of that 
Truth which ſeems ſo improbable to our Senſe of 
Seeing. But 


-— 


ke 


fe | WW 1). of 


ie Sr. en. . 9. + 22 os 


PRAFACE. 


But in brief, As to theſeTexts , or any other 
Text in that Sacred Volumn, Take this pithy An- 


ſweref Sf Auguſtine, quoted by Galilzus, and 


thus Engliſhed by M* Salusbury : If any one 
ſhall obje& the Authority of Sacred Writ 
againſt clear and manifeſt Reaſon, He that 
doth ſo, knows not what he undertakes ; ; for 
he objzeds againſt the Truth, not the Sence 
of the Scripture, which 1s beyond his compre- 
henfion : Not what is in it , But what finding 


it in himſelf he fancied to bel in it. 


Thus have I done with theſe Natural and 
Divine Arguments; I come now to my Primi- 
tive Intentions which is,to ſhew you that Spheres 
thus made will anſwer neg arances of Hea= 
ven as well as the Ptolomaick Spheres - : And 
in Order thereunto, I Preſent you with Ma- 
terial Spheres, made _- to this Hypo- 
theſts : : And heradd T ſhall fr Explain every 


Part and Lineament in them : And afterwards 
ſhew you how to apply them to all the Vſes the 
Ptolomaick Sphere or Globe is to be applyed. 
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What a Sphere is. 


GAESSSTIIN the uſe of the Globes I told you, 

g, {&axJl that a Globe was a pertet round Bo- 
dy, contained under one ſuperficies ; 
and a Sphere in a Geometrical Deno- 
mination, is the ſame with a Globe, 
and is by Mathematicians indifferently 


called either Globe or Sphere. But though a Globe 


or Sphere is,. in reſpe& of a Geometrical Body, one 
and the ſame, yet asthey are both Aﬀtronomical In- 
ſtruments , there is difference between them, For 
thus a Globe is an intire whole Body, but a Sphere is 
fabricated of ſeveral Lath-like Circles, ſo fitred toge- 
ther, that it only ſerves to repreſent a whole Body or 
Orb to the fancy. And the Reaſon why thai Spheres 
are made of ſeveral. Circles is, becauſe the whole Sy- 
ſteme of the World confifts of ſeveral Orbs, the one 
placed within another ; And ſhould any of theſe Orbs 
be made of one intire and whole Superficies, unleſs 
it were of a tranſparent matter, it would obſcure all 
the other Orbs within it. | 
Of theſe Spheres there are chiefly two ſorts inven- 
ted, the one the Prolomaick Sphere, and the other 
the Copernican Sphere. 
The Copernican Sphere is. the Subject of this Di 


courſe, 
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courſe, and is made two ſeveral wayes, wiz, General 
and Particular : The General's (as it were) a Model of 
the whole viſible World, containing the Starry Hea- 
ven, the Planets, their OQrbs, Orders and Motions 
about the Sun, So that this Sphere is moſt apt for De- 
monſtration of this Hypotheſts. 

The Particular Sphere repreſents the Sun in the 
Center of the Starry Heaven, and hath only the Earth 
moving about it 3 But is ſo. accommodated with ſeve- 
ral Circles, that by it may be performed all Queſtions 
relating to the Sphere, I intend firſt to treat of the-Ge- 
neral Sphere 5 which that you may the better under- 
ſtand, T ſhall in the next Chapter deſcribe its Parts. 


CHAP, Ih 
Of the Parts of the General Sphere, 


N the Center of this Sphere is placed a little Gol- 
I den Ball, which repreſents the Sun ; from the 
Zemth and Nadtr of this Ball runs a Wyer, upwards 
and downwards, through all the Orbs of this Sphere, 


and holds them all together at their proper diſtance 


from the Sun : 'This Wyer repreſents the Axis of the 
Ecliptick : The upper end of it is called the North 
Pole, the lower end the South Pole, 


upwards and downwards, and cut each other at right 
Angles in the Axis of the Ecliptick ; The other Cir- 
cle cuts them both, and is cut by rhem both at right 
Angles inthe Plain of the Ecliptick : In the middle 
of one of the quarters of this Circle ſtands a ſmall 
round Ball which repreſents Mercury, who performs 

D his 


The San. 


Axis of the 
Ecliptick, 
Nerth Pole, 
South Pole. 
Next about the Sun is placed the Orb of Mercury, Orb of Mer- 


and is repreſented by three Circles ; two of them ſtand v7): 


4 
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his motion through allthe Signs of; the Ecliptick in 
80 dayes.. 

Next about Merery is placed the OrbofYerus,and 
is alſo repreſented by three Circles, as before is ſaid 
of Mercuries Orb, She performs her motion through. 
all the Signs of the Ecliptick in 9 Months, 
= 4 the * Nextabout Venus is placed the Orbof the Earth, 

ada and is alſo repreſented by three Circles, as before is 
The Earth ſaid of Mercury and Yenar,. Itis ſubjetoa two-fold 


Orb of Ve- 
nus, 


 Subjeft tea motion, belides an ſnzimarron formerly called a Motion, 


ewofold wati- The firft motion ts performed upon its own Axis, 
0, beſides an from Weſtto Eaſt in 24 hours, and is called the Drzr- 
Tuclination. 2] Revolution : becauſe its turning to the Sun makes 
_ fp _ Day, and its turning from the Sun makes Night. 
Dias pr ow” Its ſecond motion is its progreſs through the Signs 
tron, of the Zodiack,which it performs in 365 dayes :. and 
The ſecond is.therefore called its Amma Motion. 
xwotion called TJts Inclination ſhews how the Poles of the Earth al- 
ins Annual ayes incline tothe ſame quarter of Heaven, (even 
9149 1:.,. 85a Needletoucht with a Load-ſtone doth) and keeps 
cy the Axis of the Earth alwayes and in every Degree of 
the Zodiack parallel to it ſelf. By this Inclination 
the Seaſons ofthe year are altered; And the Dayes and 
Nights iacreafe and are deminiſhed. 
About the Earth moves the Orb of the Moon, and 


Orb of the finiſhes her courſe aboutthe Earth in 29.dayes : And 


Hoo. thoughto our apprehenfions ſhe feems.to run through | 
all the Signs of the Zodiack in that ſpace of time, yet 
ſhe being carryed about with the Earth, takes up 
abourthe ſame time to run through all the Signs of 
the Zodiack the Earth doth, wz;, 365 dayes : as ſhall 
beſhewed here-atter. 

rb of Mars. Next about the Orb of che Earth and Moon, is. 
placed the Orb of Afars, and is alſo Mt” by 

Tarec: 
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three Circles, as before is ſaid of the reſt. He finiſhes 
his motion through all the Signs of the Zodzeck in two 


ears. 
F Next aboutthe Orb of Mars is placed the Orb of 
Juptter, and is repreſented by three Circles as before, ©r5 of Ju- 
He finiſhes his motion through the Ecliptick in twelve P'*©*: | 


ears, 
: Next about the Orb of Jepeter is placed the Orb _ 
of Saturn, and is repreſented by three Cricles as be- Or of Sa- 
fore 5 He finiſhes his motion in 32 years. turn. 
About all theſe Orbs is framed the Orb of the Star- 
ry Heaven, repreſented by four Circles 3 two of theſe = # of = 
Circles fiand direftly upwards and downwards, and ,,, 7 © 
croſs each other at right Angles in the Poles of the 
Ecliptick : Theſe two Circles are called Colures. That 
which paſſes through the EquinoQtal Signs of Artes 
and 'Libra, is called the Equneitial Colere ; And 
that which paſſes through the Tropical Signs of Cancer 
and Capricorn, is called the Tropical Colure. The firft 
of theſe Colures, vx, that which paſles through Ares 
and Ltbra, is divided from the middle points between 
the two Poles both ww into go degrees 5 fo that the 
whole is divided into four times go degrees, and num- 
and bred from the middle point into each Pole, with 10, 
nd 20, 30.to go, 
gh | Theſe two Colures divide the Heavens into four 
yer equal parts, whichare called So{ſtzces ; The firſt is a celfice 
up Semi-circle , which paſſes from the Poles of the Ecli- ; 
of ptick through the begining of Ares, and is calledthe 
all Autumnal Solftice, The ſecond is that Semi-circle 
' which paſſes from the Poles of the Ecliptick through 
is. the begining of Cancer, | and is called the Hyemnal 
Solffice, The third paſſes through the begining of 
Libra, and is called the VernalSolfizce, The fourth 
-Da. _ through 
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Equinotlial, 


Axis of the 
Equator, 


through the begining of Capricorn, andis called the 
Eſtrual Solſtice, 

The progreſs of the Earth through theſe Solftices, 
aler the ſeaſon of the Year; for when the Earth enters 
the Autumnal Solſtice Autumn begins 5 and when it 
enters the Hyemnal Solſtice Winter begins ; when it 
enters the Vernal Solftice Spring begins ; and when it 
enters the Eſtival'Solſtice Sunimer begins. | 

Theſe two Colures are cut in the middle ar right 
Angles by a broad Circle, repreſenting the Zodzack, 
In the middle of this Zodzack, on the in-{ide is a circle 
deſcribed, which is divided into 1 2. equal parts, called 
Srpns ; The firſt of theſe Signs begins at the Autum- 
nal Colure, and is called 4RI ES, wherein is 
figured the Picture of a Ram. The ſecond Sign is 
called T4# R #S,. wherein is figured the Picture of 
a Bull. The third GEM INI; and fo ſucceflively 
to PISCES, with the proper Pictures in each ſign. 


\Theſe Signs are each divided into 3o degrees, and 
/numbred at each tenth with 1 o, 20,30. 


Theſe three great Circles are cut obliquely by ano- 
ther great Circle, and makes an Angle with the Eclip- 
tick of 23 ;degrees, which repreſents the EquinoQi- 
al : Which is a narrow Circle,and is divided on the in- 
ſide into 360 degrees, and numbred trom the begin- 
ing of Aries towards Taurus with 10, 20, 30, to 360. 

| Upontheſe four great Circles are pictured many 
Stars, nat ſo the whole Orb may more plainly repre- 
ſent t},2 Starry Heaven. | 

 Tweaty three and an half degrees from each Pole 
of the Ecliptick is fixed upon the Tropical Colure, 
two ſmall ſhort Wyers oppoſite to each other, which 
repreſents the Axis of the Equator, 


Theſe Orbs thus joyned together,. are fo fitted up- 
| on. 
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on a Pedeſtal, with a handle to it, that the Axis of the 
Ecliptick ſtands direQly upwards, cutting the plain 
of the Ecliptick at right Angles, and paſſing through 
the Center of each Orb, and alſo keeping them ar: 
their proper diſtances. 

Yet muſt we grant that the Diameter of their Orbs 
and their diſtances from each other, cannot be truly 
proportioned. in theſe material Spheres, For the 
whole Diameter of the Starry Heaven in theſe Spheres 
are but about 2o Inches : And could we make the Orb 
of the Earth fo ſmall that it ſfhould-bear its true pro- 

ortion to this Starry Heaven, the Diameter of the 
Earths Orb ſhould be but the 687th» part of an Inch : 
that is, if you divide an Inch into 687 equal parts,the 
Diameter of the Earths Orb ſhall be but one of thoſe 
parts ; as was ſaid in the Preface. 

This proportion may be thought fabulous by ſuch 
asare not much read in Aftronomy 3 eſpecially if they 
ſhall conſider that it. is the Diameter of the Earths 
Orb : That is, the Circle wherein the Earth moves, 
and that within it are included the Orbs of the Moon, 
Venus, Mercury, and the Body of the Sun, and alſo 
the Earthly Globe itſelf 5 which alone is accounted to 
bein Diameter 6 870. Miles, and yet is but inconſide- 
rable, and'as a point to the Earths Orb, as is the 
Earths, Orb to the Starry Heaven ; And therefore 
juſtly may the Ancients have accounted the Earth, but 
as a point compared to the whole Fabrick of the Vi- 
fible World. 

This is the frame of the Copernican Syſteme : And 
this Frame will ſufficiently ſerve to repreſent the Or- 
der and Motion of the ſeveral Orbs. But notwithftand- 
ing the Earth in this Sphere is made ſo much too big 
for the Heavens». yetis it ſo ſmall, that what concerns: 
D 3 moſt. 
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moſt Problems in Aſtronomy and Geopraphy , can- 
not be anſwered es cater o_—_ proper 
Circles be applyed thereto, as ſhall be requiſite to de- 
monſtrate their operation, 

For this cauſe hath G, Cefius contrived how by the 


| leaving out the Orbs of all the Planets, except the 


Earth, (as unmaterial) to make the Earth ſo large, and 


- tofurniſh it with ſuch apt Circles, as that by his In- 


Calender of 

the Old ſfule. 

Calender of 
the New ſtile 


vention may be reſolved all manner of 4ſftrononucal 
and Geographical Queſtions by this Copernican Sphere, 
as well as by the Common Celeſtial and Terreftrial 
Globes. | | 

| Butbecauſe this Sphere differs in faſhion from the 
Sphere I have juſt now deſcribed ; I ſhall in the next 
Chapter explain the ſeveral parts of it, and afterwards 
ſhew how it may be applyed to the ſeveral Uſes the 
Celeſtial and Terreftrial Globes are. 


CHaeP, III. 


An Explanatim of the ſeveral Parts of 
the Particular Sphere. 


T His Fabrick ſtands upon four ſmall wooden Feet, 
and upon theſe feet are fixed the ends of a wood- 
en Croſs 3 upon this Croſs is faſtned a large hollow 
wooden Circle, whoſe outmoſt and inmoſt limb lies 
on all ſides equidiſtant from the Center of the Croſs 3 
ſo that the Center of the Croſs is common to the Cen- 
ter of the wooden Circle. On the upper plain of 
this Circle is deſcribed two Calenders ; the one the 
Old-ſtile uſed by us in England, Scotland and Jrelahd 5 
the other the New-ſtile uſed in moſt other Chriſtian 
| | Places 


————————C 
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, Places beyond the Seas. Each of the Months hath 
its name affixed to it : and each black or white Diviſi- 
on ſignifies one Day, and every tenth Day is numbred 
At 10, 20, Of 30, &e, 

Thar Calender next the outmoſt verge, is the New- New ſtile. 
ſtile,and that next theinnermoſt verge is the Old-ſtile; 0/4 file. 
and for ornament ſake, is-adorned with the PiQtures 
of all the twelve Months of the Year. | 

Between theſe two Calenders; is placed a Circle of Circle of 
the twelve Signs of the Zodiack; And to each Sign S:gns. 
its CharaQter and name affixed. As to Artes, the 
Character 1» andthe word ARIES, To Taurus, 
the Character s and the word TA#YRHS, Andio 
all the reſt : Each of theſe Signs is divided into zo, de- 

rees, and numbred with 1 o, 20, 30. 

Cloſe within the infide of this. wooden Circle, is 
fitted a flat moveable Rundle, whole Center is the ſame 
with the common Center. 

On the upper plain of this Rundle is ſometimes 

| paſted a Projeton of the Stars and Conſtellations 
about the North Pole ; or elſe ſome other projetion 
that may better pleaſe the fancy ; for it is not of any 
concernment, more than to cloath that naked plain. 
The outmoſt Verge of this moyeable Rundle 
is divided into 24 equal parts, repreſenting the 24 
; Hours of Day and Night, numbred from the Index. 
| towards the right hand, with Numeral Letters thus, 
I II UI MIL V, &c, to XII, and then begining. 
again with I 11, &c. till it end with XII again. 
About the Center of the Croſs, under this wooden 
Rundle, is faftned a round Wheel, whoſe outmoſt. 
Verge is cut into acertain number of Teeth,like thoſe 
of a Wheel of a Clock : This Wheel lies fixt upon the 
Croſs and moves not.. 
i Through: 
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Through the wooden Rundle, the Wheel on the 


Croſs, and the Croſs it ſelf is firted a Perpendicular 
Axis of the Axis whereon the Rundle moves as upon a Center. 
Ecliptick, This Axis repreſents part of the Eclipticks Axis; and 


at the top of it is placed alittle golden Ball, which re- 
preſents the Sun, 

On the under ftde of the wooden Rundle moves 
another Wheel, whoſe outmoſt Verge is made with 
Tecth ; and as the Rundle is turned about upon its 
own Center, this Wheel is alſo turned about upon 
its Center, by the falling in of the Teeth on that Wheel 
fixed on the Croſs. 

Neer the outmoſt Limb of the Rundle, is fitted 
another Wheel, and into this Wheel is fitted a Pedeſtal, 
which holds up a Sphere of ſeveral Parts, wherein a 
Terreſtial Globe igyncloſed, as ſhall be ſhewed here- 
after. The outmoſt Limb of this Wheel is alſo cut 
into Teeth ; and by the agitation of the two other 
Wheels, this Wheel is carried about, and with it car- 
ries about the Earth, and all the Circles faftned upon 
the aforeſaid Pedeſtal. | 

On one fide of this Rundle is faſtned alittle round 
Pin to turn about the Rundle by, and near to this Pin 
upon the Rundle, is made an Index which reaches to 
th2 outmoſt Verge of the great hollow wooden Cir- 
cle, and ſo at once is applyed to the day in the Month 
in both Calenders, and alſo to the degree of the Ecli- 
ptick the Sun is in that day 5 This Index is called the 
Index of the moveable Rundle, 

On each end of the Croſles aforeſaid, is placed a 
Pillar or Column, which ſerves to ſupport a great 
wooden Circle repreſenting the Zodiack of the eighth 
Heaven ; in the middle of which on the inſide runs a 
double Line quite round about the whole _ 

which 


prical Signs of Cancer and Capricorn: And. this Colure 
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which is divided into twelve Signs, and are celled, The 
Sipns of the Zoatack 3 each of which Sign is repreſent- 
ed by its proper Character, Figure and Name ; Asto 
the Sign Arzes, is ſetthe Character, y,, the picture of a 
Ram) and the word 4 RTES, To Taurus the Cha- 
rater, =, the piture of a Bull, and the word T A #- 
RAS, and fo forallthereft. Each of thele Signs is 
divided into 3o Degrees, and numbred at each tenth, 
with 10 20, 30, This great limb 1s called the Zed:- 
ack throughou: this Book 5 and by that name is diltin- 
guiſhed from another Circle very like this, called the 
Ecliptick. 

Upon the Pedeſtal that is placed near the outmoſt 
limb of the Rundle,is taſtned two pretty ſtrong wood- 
en Circles, which cut each other ar right Angles : 
Theſe Circles repreſent the two Colures, and are pla- ©9/#re- 
ced 1o, that the points where they interſeQeach other, 
ſtanddireQly upwards and downwards, and repreſent 
the Poles of the Ecliptick 5 the uppermoſt Point re- Poles of the 
preſents the North Pole, the undermoſt the South Ecliprick. 
Pcle, One of theſe Colures is called the Eqamot- x,qing;u 

: ; © Equinoitia 

al Colure 5 viz. that which paſles through the Equi- (ure. 
noftial- Signs of Aries and Libra: Theotherthe Tre. Treical C 
pical Colure 5 viz, that which paſſes through the Tro- Fg een 


15 on the outſide divided into 360 Degrees, or which 
is all one, into four nineties, beginning in the middle 
between the two Poles ; v7, inthe plain of the Eclip- 
tick, and ſo numbred each way, with x0, 20, 30, to 
go, which is in the Pole of the Ecliptick, Oa this 
Colure is placed a ſmall Hour-Circle about the Axis 
of the Earth, divided into 24 equal parts, which re- 
preſent the 24 hours of the day and night, and num- 
bred with numeral letters, thus, I, II, LI, III, V. to 

| E X1I3 
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— X11; and then begining again with I, II,1IT, 8c. to 
 R11; till you come to the point where you firſt 


an. 

Ecliptick. , the rgiddle between the two Poles, is fitted ano- 
ther Circle, which repreſents the Ecliptick,a good deal 
broader than the Colures ; it cuts the Colures at right 
Angles, andis by the Colures divided into four quar- 
ters 3 viz. iny & = andy: each of theſe quarters are 
divided into three equal parts, which are called S:gns, 
and each of the Signs noted by its proper name, pi- 
Eure and character 3 .as to the Sign Aries, the word 
Aries, the piQture of a Ram, and the character iy ; to 
Taurus thelike, and fo for all the reſt : Each of theſe 
Signs is divided into 3o Degrees, marked at x 0,20, 30. 

On the inner edge of this Ecliptick, is placed ſeve- 
ral of the moſt notable fixed Stars, with their names 
affixed to them, and each'Star placed to the degree 
and minute of Longitude thereon, that it hath in Hea- 
ven from the Equinotial point Arzes. 

Qblique to this Ecliptick 23 5 degrees on the inſide 

Fquinoltial. 15 fitted a thin Circle, repreſenting the EquinoQtal ; 
It cuts one Colure in the points of Cancer and Capri- 
corn , and theother Colour, together with the Eclip- 
tick in the Points of Arzes and Lebra 3 it is divided into 
360 Degrees, and numbred from the EquinoCial 
Point, A-res, with 10, 20, 30, to 360, 
Parallel to theEquinoQtial at 2 3* Degrees diſtance on 
either ſide are fitted two ſmaller Circles, repreſenting 

Tropicks, the Tropicks ; that on the North fide the EquinoRt 
al, repreſents the Tropick of Cancer ; that on the Soath 
fide the EquinoCtial, repreſents the Tropick of Ca- 

ricorn, 

Oa the infide all theſe Circles in the Poles of the 

Ecliptick, is fitted. two thin ſemi-Circles { called, Se- 


mte-Circles 
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mi-Circles of Latitude) fo as one of them may moye Semi-Circles 
through one half the Ecliptick ; viz. from Cancer of Latitude, 
through Ares to Capricorn; and the other from Cancer 
through Libra to Capricorn, Theſe two SemirCircles 
of Latitude, may be diſtinguiſhed one from another, 

by calling the firſt of them, 7he Yernal Semi-Circle of 
Latttude 3 becauſe it paſſes through the Vernal Sign, 

y, and the three Signs on each fide of its and the 

other the Autumual Semi-Circle of Latitude, becauſe 

it pafſes through the Autumnal Sign =, and the three 

Signs on each fide of it ; ſo that theſe Autumnal Signs 

lying in the middle of the progreſs of theſe Semi-Cir- 

cles of Latitude, may properly give a name to each 

Semi-Circle, 

Attheedge of theſe Circles, are depicted the ſame 
fixed Stars in their proper Latitude, trom the Ecli- 
ptick Line, that are placed on the Ecliptick Circle a- 
toreſaid, with their ſeveral names affixed to them. 

Through the Solltitial Colure at 235 Degrees from 
each Pole of the Ecliptick, paſſes a Wyer, which re- 
preſents the Axis of the Earth, On the Northern end «1% of che 
of this Axis, is fitred an Index, which ſerves to point at ©” bh. 
every hour on an Hour-Circle, which is fitted on the 
Solſticial Colure , as aforeſaid. 

In the middle of this —_ between the two Poles 
of the Ecliptick, is fixed a great round Ball, which 
repreſents = Earth, having Ss bounds of the Lands —_ 
and Waters depicted thereon, and alſo the Names of 
ſo many Countries and Towns, as can conveniently 
be placed on a Globe of that Dimenfion. 

In two Points of the EquinoCtial of this Globe, 
v2. at go degrees Eaſtwards from the firſt Meriatan ; 


' andinits oppoſit Point, :z, at go degrees Weſtwards, 


are fixed two ſmall Pins, whereon a movable Horizon 77,r;.04. 
E 23 is 


A Tutor o Aſtronomy Book [- 


Circle of De- 
grees. 


e Mariners 
Compaſs, 


Antient 
Winds, 


HM: 7; dian Y 


is placed in the Eaſt and Weſt Points thereof, fo as thoſe 
Pius ſerve for an Axis to the Horizon ; for on thoſe 
Pins the Horizon may be elevated or deprefled to any 
degree the Pole is elevated above the Hori7on.. 

The outmoſt Limb of this For:3on. is divided into 
twice 180 degrees, beginning in the South Point, and 
reckoning both Eaſtwards and Weftwards to the 


. North Point, with x 0,20, 30, to 180 degrees, 


The two next Circles within that Circle of degrees, 
ſhew the thirty two Winds of the Mariners Compaſs, 
each Point of the Compaſs having its name affixed 
tO It, | 

Next within thoſe Circles is a Circle divided into 
twelve equal parts, according to the manner of the 
Antients, having the name of each Wind affixed to it, 
as they were named by them : and in the ſpace be- 
tween this Circle and the Earth, is emblematically ex- 
preſſed the natural quality of each of theſe. Winds. 

This Horizon {lides on the North and South Points, 
within a broad Brazen Meriatan, hung upon the Axis 
of the Earth : This Brazen Meridtan is divided into 
360 degrees, and numbred from the North Pole ei- 
ther way, with 10. 20, zo, to gointhe Equator ; from 
whence on either fide on the Meriatanis numbred 10, 
20, 30, tillit end at go in the South Pole, 

Round about this Brazen Mer:atan,on the outmoſt 


. fide, is made a Grove, into which is fitted a ſmall braſs 


Ring, ſo as the upper fide of itlies even with the up- 
per fide of the brazen Meridian ; this ſmall braſs Ring 


' is faftned to two oppoſite Points in the Horizon, viz, in 


the North and South, and ſerves as a ſpring to keep it 
to that degree of the Meridian you elevate the Hort- 
4x9n to, 

Upon two.Pins on this ſmall Ring, is alſo faſtned 


two. 
| 
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rwo Semi-Circles of Altitude, or Vertical Circles, yet Vertical Cir- 
not ſo faſtned, but. that they may move as upon Cen- ©! 
ters» the one moving from the North to the South 
through the Eaſtern fide the Horizon ; the other 
moving from the North ro the South , through 
the Weſtern fide the Horizon. This motion is 

erformed upon the two Pins aforeſaid, as upon two 
Poles, which indeed they ſerveto repreſent (for they Poles of He- 
repreſent the Poles of the Horizon) and therefore are rizo»; viz. 
ſo placed, that they may divide the upper and under Zemth and 
half the Horizon, into two equal parts, and as the Zo- Va4- 
r1$0n is moved, ſlide alwayes into the Zenith and Na- 


- dir, and ſo become the Poles of the Horizon. 


Theſe two Semi-Circles of Altitude,are divided each 
into twice 9o degrees, numbred at the F7orizon up- 
wards and downwards, with 10, 20, 30, and ending at 
goin the Zenith and Naatr. 

I have already declared the ſeveral Uſes of each 
particular Circle herein mentioned in the uſe of the 
Globes ; whither for brevities ſake I refer you, they 
being with the Globes and Spheres of the ſame uſe ; 
and therefore need no further Comments upon them . 
in this place. 


The End of the Firſt Book. 
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The Second B O O K: 


Being the Praftical Uſe of the 


Copernican Spheres, 


Applying them to the Solution of 
PrRoBLEME s Aſtronomical, 
Geographical, Nautical, Aſtro- 
logical, Gnomonical, and T'rigo- 
nometrical, 


D— 


PREFACE. 


—_—_—. 


| "hp the better underſtanding the Uſe of theſe 


Spheres, I think it convenient to premiſe 
theſe following Cautions. 
I. That the Student ought to be already learnt 
. in the Rudiments of Aſtronomy and Geogra- 
phy, and the meaning of all uſual Terms of 
Art; if be be not, I ſhall refer him to the Uſe 
of 
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of the Globes, Book I. Axzd withal , wiſh 
he were acquainted with the Uſe of the Vul. 
gar Globes ; becauſe he that underſtands their 
Uſes perfeSily, may much more eaſily underſtand 
the Uſes of the Copernican Spheres ; for in 
many Problemes, the Phraſes being varied, the 
Precept is the ſame in both. As for inſtance ; 
in the Uſe of the Crlobes you are direted to 
move the Meridian through the Horizon : but 
by changing the Words of the Precept, you muſt 
in the Uſe of the Sphere, move the Hori- 
zon through the Meridian. 

Again, you are inthe Uſe of the Globes 
direSed to bring the place of the Sun to the 
Horizon, or Meridian, @c. and if you apply 
that Precept, to the Uſe of the Spheres, yor 
muſt read, Bring the Horizon or Meridian to 
the Sun Cor which 1s all one, to the Suns place ) 
becauſe in the Globes, the Horizon 3s fixt, and 
the Suns place movable : but in the Spheres, 
the Suns Place is fixt, and the Horizon mo- 
wable. | 

3. Note that in many places where I ſay, 
Bring ſuch a Circle, or ſuch a Degree, to the 
Sun, t 3s all one as if T had (aid, Bring it to the 
Degree the Sun is in in the Ecliptick ; for the 


Sun lying in the Plain of the Ecliptick,, the De- 


Lree 


% 
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gree of the Ecliptick the Sun is in, lies juſt in a 
ſtraight Line between the Sun and the Center of 
the Earth; and.your Probleme 75 therefore more 
praGticable, and the anſwer required, commonl 
more diftinfly found, becauſe of the Suns di- 
ſtance from the Center of the Earth. 

4. Note that when I ſay, Bring the Meridian 
to the Sun, or ſome other place ; I mean that Line 
on the Meridian which 3s deſcribed on the mid - 
ale of the outermoſt ſide between the two edges ; 
for that Line divides the Axis of the Earth ex- 
a6tly into two equal parts : And I alſo mean 
that Semi-Circle of the Meridian, which hangs 
over the firſt Meridian on the Terreſtrial Ball, 
Becauſe that Semi-Circle alwayes faces the Sun at 
Noon ; and on it,viz. in the Poles of the Horizon 
is the Zenith alwayes repreſented in the meeting 
of the two Vertical Circles. 

And when I ſay, Bring the Horizon, I mean 
the outermoſt edge on the upper Plain of the Ho- 
rizon. And when I name any other Circles or 
Lines about the Sphere, I mean that Line m 
tnoſe Circles that is graduated; which Line ſome- 
times lies in the middle of the Circle, as in the 
Equator and Colures it doth ; and ſpmetimes on 
the edge ; as in the Vertical ſemi-Circles,and ſemi- 
LCircles of Latitude, becauſe that Edge runs into 
| the 
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the middle of the Axis of theſe ſemi-Circles. 

2. Note that becauſe there is two Circles be- 
longing to the particularSphere,whereon the Signs 
of the Ecliptick3s depiGied,viz.that great one ſup 
ported by the Banneſters,and that ſmal one which 
encompaſſes the Sphere, wherein the Earth 3s 
hung ; Therefore, for diftinSiion ſake, T ſhall call 
the furſt of them, viz. the great one, The Zodi- 
ack ; and the ſmall one which encompaſſes the 
Sphere of the Earth, The Ecliptick. 

Note that in ſeveral Problemes, where I ſay, 
Makea Mark in ſuch a Line or Circle at 
ſuch a Degree, to repreſent any Star, Planet 
or other Point in Heaven, - If that Mark be 
made with Black-Lead, you may with a little 
Bread "rub it out again when you pleaſe, and 
the Sphere will be never the worſe for it. 
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How the twofold Motion of the Earth u repreſented 
on the Sphere : And how many Miles the Barth 
moves in any given-time, by vertue of each Mo- 
tion, 


He Earth hath a twofold Motion ; v7. a Diur-- 

| — nal, and an Annual Motion ; The Diurnal 
Motion is ſhewn byturning the Earth about 

upon its own Axis from Weſt to Eaft : This Motion is 
rformed in 24 hours; as you may ſee by the Index 
of the Hour-Circle ; for in one Revolution it paſſes 
through all the 24 hours on it : and in this Converſi- 
on, one part or other of the Earth alwayes ſtands 
againſt t he Sun, and the oppoſite part is alwayes hid 
from the Sun, In that part which ſtands directly againſt 


the Sun, it is full Noon; and in that part which is moſt 


remote from the Sun, it is Midnight; and in all the 
other parts of the Earth, v/x. where the Sun is ob-- 
liquely beheld in the Eaſt;it is Morning ; and in thoſe 
parts where the Sun is obliquely beheld in the Weſ., 
itis Evening 3- but in thoſe parts of the Earth that do 
not atall behold the Sun, it is Night. 

Now what meaſure of ſpace your Habitation moves. 
in any given-Time, by vertue of this Converſion, you 
ſhall thus learn to know one degree of Longit. in the 
EquinoCtial contains 60 Enghſh Miles; as was ſhewn in 
the #ſe of the Globes, Book 3. Prob.1o. And the Earth 
by its Diurnal Converſion, moves x 5, deg, in x hours. 
time ; that is, goo Miles ; and fo proportionably for 
any other meaſure of Time : Butthough a Degree of 
- ths. 
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* the Equinoctial contain ſo many Miles, yet doth not 
a Degree of Longitude in any other Parallel contain 
ſo many : for that all Parallels to the-Equinoctial grow 
—_ leſs in a proportion, till they come to the 
Pole. 

Now that you may know how many Miles every 
Degree of Longitude contains-in any Latitude, I 
have inſerted this tollowing Table, where in the firſt 


159.59 zx[58. 54 = 56, x |[3i[51,26 [41 45.16] 
2159.58 112]58.41 [22]55.38 [32]50.53 [42[44.35 
3159-53 [23 58.28 [23]55-14 [33/59-79 [4343-53 
59-51 114]58.13 12415449 [3414945 144[43-20 
5159-46 [I5[57+57 [25]54+23 [35[49+ 9 [45142.26 
6159-40 [16]57-41 ]26I53.56 [36]48.32 146]41.41 
7159-33 [37157+23 [27]53-28 [3714755 [47]49-55 
8159.25 ow 57- 4 [2852.59 |38147.17 148[40, 9 
9[59.16 [19156-44 [29]52.29-139[45.38 [491 39.22 
rolgs, 5 [20[56-23 |zol5r.58 [40 45.58 5ol3$.43 
51137.46 [6x]29. 5 ht ix $8 8119.23 [ 
5236.56 162]28.10 [72[18.32 82[biar 
$3136 7 [2 27.49 |73117-33 ſou | 


54|35-16 [6426.18 |74[16.32 [84|6.16 

{ 55[34-25 j55[25-2r [75[15-32 | 855-4 , 

$6133.33 [6612424 176114.31 18614.11 

57132.41 [67]23.27 [77|[13.30 [87[3. 8 

| 5813x,48 j68122,29 [78[12.28 |88[2. 5 
59|30.54 |69 21.30 79j11.27 ,89|1, 3 

60130. © [020,31 0 10.25 [9oſo, | 


—— —— 


Column you have the Degree of Latitude, and in 
the next Column the number of whole Miles and 
Minutes, or the fixtieth part of a Mile that it contains3 
ſo that by ſeeking the Latitude of your Place in the 
firſt Column, the ſecond Column gives you the num- 


ber of Miles, and Minutes of Miles contained in one 
F 2 degree 
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degree off Longitude in that Latitude 5 And by mul- 
tiplying thoſe Miles. by 15, you have the number of 
Miles, your Habitation moves in one hours time, | 


Example. 


I would know how many Miles London moves Eaſt- 
wards in one hours time 3 the Latitude of London is 
51: degrees ; therefore I examine in this Table how 
many Miles are contained in the degree of Longi- 
rude in the Laticude of 515 degrees : But becauſe this 
Table is made only for whole degrees,therefore I ſub- 
tract the number of Miles and Minutes contained in a 
degree of Longitude, inthe Latitude of 52 degrees 
from thoſe contained in the Latitude of 51 degrees 3 
and half that difference I ſubſtratt from the Miles 
and Minutes anſwering to 5x degrees; ſo ſhall the 
the Remainder ſhew ( in this caſe near enough ) the 
Miles and Minutes anſwerable to 515 deg. which by 
this Example is 37 Miles 21 Minutes, or fixtieth parts 
of a Mile 5 and this multiplyed by 1 5, the number of 
degrees, the Earth turns Eaftwards, in one hours time 
gives 560 Miles 15 Minutes, which is one quarter of 
a Mile more; ſo that London moves Eaſtwards- 560: 
Miles in one hours time 5 and ſo proportionably for 
any other Meaſure of Time, 

The Annual. Motion is ſhewn by turning about the 
Rundle, according to the ſycceſhon of Signs, till its 
Index paſfles through all the Dayes in the Circle of 
Months. In this ; Fur art you may ſee the Earth 
paſs through all the Signs of the Zodiack, And you 


| may alſo ſee, that when the Earth is in any Sign, the 


Sun is.ſeen from the Earth to be in the oppoſite Sign 3 
as if the Earth enter Aries, the Sun ſhall-in appearance 
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from the Earth, enter Zibra: if the Earth enter Can- 
cer, the Sun ſhall ſhew as if it entered Capricorn, &c. 


By this Revolution , the Dayes and Nights are 


leagchned or ſhortned in all places of the Earth, and 
that according to their {cituation on the North or 
South fide the Equator 3 and the Seaſons of the Year 
are varied into Spring, Summer, Autumn, Winter, 

When the Earth is in Southern Signs, the Northern 
Parts of the Earth have their longeſt dayes ; and when 
itis in Northern Signs,the Southern Parts of the Earth 
have their longeſt dayes ; the reaſon is, becauſe the 
Earth moves not upon the Poles of the Ecliptick, but 
upon two Poles 2 35 degrees declining from the Poles 
of the Ecliptick, by which means a greater portion of 
the Northern half of the Earth faces the Sun, when the 
Earth is in Southern Signs, than doth when the Earth 
is in Northern Signs ; and therefore makes the Diurnal 
exceed the NoQturnal Arch, and the Raies (and con- 
ſequently the heat) of the. Sun is more perpendicular- 
ly darted on the Northern parts of theEarthThen,than 
when the Sun is in Southern Signs, becauſe the Nor- 
thern Pole inclines-then towards the Sun ; and when 
the Sun is in contrary Signs, it recedes from the Sun 
as may be ſeen by the Sphere. 

Now to know what meaſure of ſpace rhe Earth 
moves through the Heavens in any given-time, by 
vertue of its Annual Motion : . you muſt conſider the 
diſtance of the Earth fromthe Sun, which according 
ro the general received opinion, is 604 Diameters of 
the Earth ; which multiplyed by. 6872 (the number 
of Miles contained in the Earths Diameter) makes 
4150688 for the diſtance in Miles the Earth hath from 
the Sun, which is half the Diameter of the Earths 


Orb ; this doubled, . makes the whole Diameter of - 


the Earths Orb contain 11 3or 376 Miles, The 


37 
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The Diameter of every Circle bears ſuch propor- 
tion to the Circumference, as 7 does to 22 ; there- 
fore the Circumference of the Earths Orb, contains 
35518610 Miles; ſo thatin one whole year the Earth 
running through its Orb, runs 35518610 Miles, which 
divided by 365, the number of dayes in one year, gives 
97311 Miles the Earth runs in one day, which 97 31 1 
divided by 24, the number of hours in one day, gives 
4054 Miles the Earth runs in one hour: which 405 4 
divided” by 60, the number of Minutes in one hour, 
gives 675 Miles the Earth runs in one Minute, 

Theſe two motions ( v:z. the Diurnal and Annual) 
may aptly be compared to the twofold motion an Iron 
Bullet has in a Bowl, when Sea-men make Muſtard ; 
for as that Bullet runs round the Circumtference of the 
whole Bowl, and alfo turns round upon its own ſuper- 
ficies ( as upon its Axis) So the Earth in its An- 
nual Motion, runs round through the whole Zodiack ; 
and in its Diurnal Motion turns its Superficies round 
upon its own Axis, 


PROB., II. 


Of the Inclination of the Axis of 
x the Earth. 

| Otwichſtanding this twofold motion aforeſaid, 
N yet doth the Axis (and therefore the two Poles) 
of the Earth reſpe& the ſame parts of Heaven, and al- 
wayes remains parallel to it ſelf, though the Earth run 
chrough all the Signs of the Zodiack. The reaſon of . 
this Inclination is attributed to ſome Magnetick Ver- 
tue in the Poles of the Earth, which makes them re-_ 
ſpect 
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ſped alwayes the ſame part of Heaven as ſhall be © 
ſhewed hereafter when I ſpeak of the Preceſhion of 
the Equinoctial : I donot ſay the ſame Pornt in Hea- 
ven, but the ſame Part of Heaven ; that is, the Axis 
doth alwayes reſpect thoſe Stars about: the North and 
South Poles, and hath that ſmall motion formerly at- 
tributed to the Starry Heaven. + 
Now though I told you in the laſt Probleme, that 
by the Annual Motion of the Earth, the Dayes and 
Nights were lengthned and ſhortned,and the Seaſons 
of the Yearaltered, yet if the Axis of the Earth did 
not thus decline, thoſe ſeveral Mutations could not 
happen 3 for if the Axis of the Earth ſtood parallel to 
the Axis of the Ecliptick, the Sun would alwayes be 
in the EquinoQtial, and by conſequence, the Dayes 
and Nights alwayes of equallength : And the temper 
of the Year in every place of the Earth alwayes in the . : 


{ſame condition, 


PROB. 111, 
Of the ſeveral Conſtitutions of the Sphere. 


"He Conſtitution of the Sphere is varied according 
T to the ſeveral Poſitions of the Pole with the 
Horizon, as was taught before in the #ſe of the 
Globes, Now that you may ſet the Sphere to thoſe Bok. /. cap... 
Poſitions, do thus; Move the Horizon through the 3.Set AFL. 
Meridian, till the Axis of the Earth lie in the Hori-. 
zon3 ſo have youa direct Sphere. 

To repreſent a parallel Sphere, Move the Horizon 
through the Meridian, till the Equinoctial on the Earth 
lie in the Horizon, | | 

Aud 
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And to repreſent an oblique Sphere, Move the Ho- 
rizon to any number of degrees on the Meridian 
between the EquinoCtial and the Pole, Theſe need 
no Examples. 


PrOB. IV. 


'The Day of the Month given to find the Place of 
the Sur, and the Place of the Earth in the 
Ecliptick, 


Eek the Day of the Month'in the Circle of the 
Months in the bottom of the frame, and bring the 
Index of the movable Rundle to that day, ſo ſhall the 
fame Index alſo cut in the Circle of Signs the De- 
gree of the Ecliptick the Sun appears to us to bein; 
and fo ſhall the Earth be placed in the oppoſite degree 
of the Zodiack, which is the degree the Earth is in 
that day. 


Example. 


The Day given is May 10. Therefore I ſeek in the 
great hollow Circle in the bottom of the Frame for 
May 10, and bring the Index of the movable Run- 
dle to that Day, and find that whiles it lies upon that 
Day in the Circle of Months, it cuts in the Circle of 
Signs, Taurus 29, which ſhews that the Sun is that 
day at Noon in 29 degrees of Taurus. 

Then looking inthe Zodiack , I find the Earth 
ſtand juſt againſt Scorpio 29, which ſhews that the 
Earth that Day at Noon isin 29 Degrees of Scorpzo. 


PRrOB, 
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PROs., V. 


The Day of the Month given, To redifi 2 the Sphere 
fit for uſe in any Latitude : And to ſet it corre- 
fpondent to the ſcituation of Heaven, 


TD) Ring the Index of the movable Rundle to the 
Day of the Month, and elevate the Horizon to 
the Latitude of your place ; then bring the Meridi- 
an tothe Sun, and the Index of the Hour-Circle to 
X1I on the Hour-Circle, Laſtly, Bring the Center of 
the Earth, the Sun in the Sphere, and the Sun in Hea- 
ven, into a ſtraight line, ſo ſhall the Earth be rectifi- 
edto its place in Heaven, the Horizion to its Latitude 
on Earth, the Circles on the Sphere agreeable to thoſe 
in Heaven, and the whole correſpondent with the 
Heavens for that Day at Noon. 


Example. 


May 10 at Noon I would reCtifie the Sphere, to COr- 
reſpond with the appearance of Heaven here at Lon- 
don, where the Pole is elevated 515 deg. above the 
Horizon in North Latitude ; Therefore I ſeek May 
10 in the Circle of Months on the bottom of the 
Frame , as by{Prob, 4, ſo is the Earth placed in the 
Sphere in that Sign and degree of the Ecliptick itis 
placed inin Heaven, whichin this Example is in Tau- 
rus 29, Then I elevate the Horizon to the Latitude 
of London 5 that is, I flide the Horizon through the 
Brazen Meridian, till the Northern fide of the upper 
plain of it cut on the Meridian 51 2 degrees __ 
from 
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from the Pole towards the EquinoCtial, So is the Ho- 
rizon rectified for this Latirude; Then I turn abour 
the Meridian till it come to the Sun, or, which is all 
one, to the Place of the Sun in the Ecliptick ( as I told 
you in the Preface, in Note 2.) Iturn the Index of the 
Hour-Circle to the uppermoſt XII in the Hour-Cir- 
cle,for that is the 12 at Noon 5 the other XII, the r 2 
at Mid-night. So is the Hour-Circle retified. And 
laſtly, I turn the Sphere, fo as that when the Axis of 
this Artificial Earth lies parallel with the Axis of the 
Natural Earth, the Sun in the Sphere, the Center of 
the Earth, and the Sun in Heaven, may all at once lie 
in a ſtraight line, ſo ſhall the Sun in the Sphere be ſci- 
ruate as 1n reſpect of the Earth, as it is in Heaven ; 
the Circles of the Sphere correſpond with the ſame 
Circles in Heaven 3 the Horizon of this Artificial 
Earth lie Parallel to the Horizon of Londen on the na- 
tural Earth ; and thoſe Stars you ſhall ſet to their pro- 
per place (as you ſhall be taught by Pro, 2 5.)ſhall have 
the ſame ſcituation, Azimuth, Elevation, 6c. on this 
material Sphere, that at the ſame time they ſhall have 
in Heaven, viz, ason May 1oatiz a clock at Noon 
here at London. 

And if you would ſet the Sphere to correſpond with 
any other Time of the Day or Night than Noon (af- 
ter the aforeſaid Operations) turn but the Earth till 
the Index of the Hour-Circle come to your intend- 
ed Hour, ſo ſhall the Sphere be rectified to that Hour 
alſo. | 


Pros, 
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PRO B, VI. 


The Day of the Month given, To find the Decli- 
nation of the Sun, 


Ectifie the Earths Place, as by Prob. 5. ſo have 

you by the ſame Probleme the Suns Place in the 

Zodiack ; then bring the Meridian to the Sun ; and 

the number of Degrees comprehended between the 

Equinoctial and the body of the Sun, is the Suns De- 
clination for that Day at Noon. | 


Example, 


' I would know the Declination of the Sun for May 
10; Therefore I bring the Index of the movable Run- 
dle to May 10 in the Circle of Months, and find it 
then cut in the Circle of Signs, Taurus 29, as before, 
which is the degree the Sun is in; then turning the 
Meridian directly towards the Sun, I find 20 degrees, 
5 minutes on the Meridian, comprehended between 
the EquinoCtial and the Body of the Sun, which is the 
Suns Declination for that Day at Noon. 
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PROM Y £1, 


The Day of the Month given, To find the Right 4ſ- 
cention of the Sun at Noon, and alſo the Oblique 
A ſcention or Deſcenſion of the Sun. 


ERtfie the Earths place to the Day of.the Month, 

A. as by Preb; 5, and bring the Meridian to the 
Sun ; And the number of Degrees on the Equinocti- 
al. contained between the Vernal Colure, and the Bo- 
dy of the Sun is the Degrees of the Right Aſcention, 


Example 


May 10 at Noon I'would know the Right Aſcen- 
tion ot-the Sun ;- Therefore I bring the-Index of the 
Rundle to the Day of the Month, . andturn the.Meri- 
dian juſt towards the Sun, and then find it cut the 

uinoCtial in 56 deg. 46 min. reckoned from the 
Vernal Colure : Therefore Iſay, The Right Aſcention 
of the Sun, Afay 10 at Noon, is 56 deg. 46 min, _ 

For the Oblique Aſcention of the Sun, Turn-the 
Earth till the Eaſt-fide the Horizon ſtands againſt the 
Sun, And the Degree of the EquinoQtial then at the 
Horizon, 15 the Degree of the Oblique Aſcention, 

For the Oblique Deſcention, Turn the Earth till the 
Weft-hde of the Horizon comes to the Sun 3 And the 
Degree of the EquinoQial then at the Horizon is the 
Degree of the Oblique Deſcention of the Sun. Theſe 
need no Examples, 


Pros, 
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PROB, VIII. 


The Day of the Month , and Latitude of the 
Place given, To find the Meridian Altitude. 


Ps the Index of the Rundle to the Day of 
the Month, and retifie the Horizon to the La- 
titude of your Place, as by Prob, 5, then bring the 
Meridian to the Sun; And the number of Degrees 
on the Meridian comprehended between the. Hori- 
zon and the Sun, is the Meridian Altitude, 


Example. 


May 10 here at London, T1 would know the Meridi- 
an Altitude 5 Therefore I bring the Index of the 
Rundle to May 10 inthe Circle of Months, and the 
Horizon to 515 deg. on the Meridian : Then T'turn 
the Meridian juft towards the Sun, and find 5 8: deg. 
of the Meridian, comprehended between the plain of 
the Horizon, and the body of the Sun ; Therefore 
I fay, the Meridian Altitude is 58: deg, on May 10 
here at London. | 
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PROB. IX, 


The Latitude of the Place, Day of the Month, 
and Hour of the Day given, To find the Altitude 
of the Sun. | 


Ring the Index of the Rundle to the Day of 
B the Month , and rectifie the. Horizon and 
Hour-Index , as by Prob, 5. then turn the Earth till 
the Hour-Index come to the Hour of the Day, and 
bring the Vertical Circle to the Sun ; And the number 
of Degrees of the Vertical Circle that tranſites the 
Sun, is the number of Degrees the Sun is elevated 
above the Horizon, 


Example. 


Afay 10 at 53 min, paſteight a clock in the morn- 
ing, 1 would know the heighth of the Sun above the 
Horizons Therefore I bring the Index of the Run- 
dle to May 10 in the Circle of Months, and rectifie 
the Horizon and Hour-Index, as was taught Preb.s. 
Then I turn the Earth till the Index of the Hour- 
Circle -points to 53 min, paſt 8 a clock in the Hour- 
Circle: Then I bring the Eaſtern Vertical Circle to 
the Sun, and find that then 40 deg. of the Vertical 
Circle ſtands againſt the Sun, Which ſhews that the 
Sun is elevated 40 deg. above the Horizon, or (which 
isall one) the Horizon is in that Azimuth depreſſed 
40 deg. below the Sun, Ko 
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PROB. X, 


The Day of the Month, the Latitude of the Place, 
and the Altitude of the Sun given, To find the 
Hour of the Day, | 


of the Month in the Circle of Months, and 
refifie the Horizon and Hour-Index, as by Prob, 5. 
Then turn the Earth till you can fit the Horizon to the 
given-Altitude upon the Vertical Circle, right againſt 
the Sun ; So ſhall the Hour-Index point at the hour of 
the day on the Hour-Circle : Yet herein reſpect muſt 
be had to the Fore or Afternoon, which by a Quadrant 
you muſt obſerve 5 as by Prob. 1 3. Book 2, of the 4/e 
of the Globes 5 for the Sun comes twice a day to the 
{ſame heighth, unleſs it be in its Meridian Altitude. 


BY the Index of the movable Rundle to the day 


Example. 


May 10 the Sun is elevated here at London 40 deg.. 
| above the Horizon 3 Therefore, having brought the 

Index of the movable Rundle to the Day of the 

Month in the Circle of Months, and rectified the Ho- 

rizon and Hour-Index, as by Prob.5, I turn the Earth 

and Vertical Circle till I can fit them at qo deg. on the 

Vertical Circle againſt the Sun ; So ſhall the Index of 
the Hour-Circle pointat 8 a clock, 53 min. which 

ſhews that May 10 here at London, when the Sun has 
40 deg. of Altitude, itis8 a Clock, 53 min, .inthe- 
morning, 


PROB, 
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PRxOB, XI. 


The Day of the Month, and Latitude of the Place 
given, To find the Amplitude of the Sun, and 
at what Point of the Compaſs it riſes. 


Ring the Index of the movable Rundle to the 
1 ) Day of the Month-in the Circle of Months, and 
rectifie the Horizon, as by Prob. 5. Then bring the 
eaſt-fide the Horizon to the Sun ; And the number of 
Degrees of the Horizon that ſtands againſt the Sun, is 
the Amplitude of the Sun, and bears its denomination 
either of North or South, according to its Inchnati- 
on fo either Point in the Horizon, : 

If you would know upon what Point of the Com- 
paſs the Sun riſes, Leok in the Circle of Winds, which 
of them the Sun ſtands againſt ; And the Name you 
find there, is the Name of the Point of the Compaſs 
the Sun riles at. 


Exambple. 


May 10 1 would know the Amplitude of the Sun 
hereat London 5 Therefore 1 bring the Index of the 
movable Rundle to the Day of the Month in the Cir- 
cle of Months, and reQtifie the Horizon as by Prob,s. 
Then 1 turn the Horizon till fome part of the Eaſtern 
edge-of it ſtands directly againſt the Sun, and ex- 
amine what Degree of the Horizon it is that ſo ſtands 
againft the Sun 3 which in this Example I find to be 
122 deg. 40min, reckoned from the South Point of 
the Horizon, But I muſt know how many Degrees are 
contained 


- - 
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tained berween the Eaſt Point and the Point in the. 


Horizon againſt the Sun ; Therefore I ſubſtract 9o 
from 122 deg, 40 m.and the remains is 33 deg,2o min, 
And becauſe it is to the Northwards of the Eaſt Point, 
Therefore I ſay, May 10 here at London, the Sun hath 
33 deg. 20 min. North Amplitude, 

If the Sun had had South Amplitude , I ſhould 
have ſubſtraſted the Degree of the Horizon, that had 
ſtood againſt the Sun from 9o, and the Remnant had 
been the South Amplitude of the Sun, 

To know at what Point of the Compaſs the Sun Ri- 
ſes, I keep the Earth in its poſition, and look in the 
Circle of Winds on the Horizon,and find that North- 
Eaſt and by Eaſt ſtands right againſt the Sun. There- 
fore I ſay, May 10 here at Londen, the Sun riſeth upon 
the North-Eaft*and by Eaft Point of the Compaſs. 


PxROB XIL 


The Day of the Month given, To find the Diurnal 
and Notturnal Arch in any given-Latitude. 


Ring the Index of the movable Rundle to the Day 

of the month in the Circle of Months, and reQi- 

fie the Horizon, as by Prob. 5. Then turn the Earth 

about till ſome part of the Horizon ſtand right againſt 

the Sun; And the Degree of the EquinoCtial that 

comes tothe Sun with the Horizon is half the Diur- 

nal Arch of the Sun, which doubled, and that ſum 

ſubſtracted from 360, leaves the NoQturnal Arch of 
the Sun, 


Example. 
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Examples 


May 1 © here at London, I would know the Diurnal' 
Arch of the Sun ; Therefore I bring the Index of the 
movable Rundle to May 16&in the Circle of Months, 
and reQifie the Horizon to the Latitude of Zondon, as 
by Prob.s. Then Iturn about the Earth cill. che Hori- 
zon come to the Sun,and find 1 17 deg. of the Equino- 
Qial then at the Sun, which is the Semi-diurnal Arch; 
which doubled, makes 234 for the Diurnal Arch ; 
And which 234 ſubſtracted from 360, leaves 126 deg.. 
for the Nocturnal Arch of the Sun. 


Pao XII. 


The Day of the Month, -and Latitude of the Place. 
iven, To find what Hour the Sun comes to the 
Eaſt or Weſt Point of the Florizon; and What | 
Almicantar it then [hall have. 


Ring the Index.of the movable Rundle to the 
| B Day of the month in the Circle of months, And 
rectific the Horizon and Hour-Index, as by Pro. 5. 
And bring the Vertical Circle to the Eaft Point of the 
Horizon , if it be the. Suns Eafting you would en- 
quire, or. to the Weſt Point of the Horizon, if you 
would enquire its Wefting : Then turn the Earth till. 
the Vertical Circle come to the Sun, So ſhall the Hour- 
Index point to the Hour of the Day on the Hour-Cir- 
cle ; And the Degree of the Vertical Circle at the Sun, 
ſhall be the. Almicantar of the Sun, | 

Exams- 
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Example. 


' May 10 here at London, 1 would know what Hour 
the Sun tomes to the Eaſt and Weſt Points of the Ho- 
rtzon,and what Almicantar it then ſhall have : There- 
fore I bring the Index of the movable Rundle to the 
Day of the month in the Circle of months, and re&i- 
fie the Horizon and Hour-Inder, as by Prob. 5. Then 
I bring one of the Vertical Semi-Circles to the Eaſt 
Point of the Horizon, and the other to the Weſt Point 
of the Horizon : And1I turathe Earth till the Eaftern 
Vertical Circle come to the Sun 5 Then TI look on the 
Hour-Index,and find it point to 7-min.paſtVII aclock 
in the morning ; which is the time that the Sun comes 
to the Eaft ; And examining the Vertical Circle,I find 
25 deg, 30 min, at the Sun 3; Which is the Almican- 
car of the Sun at that time : As you may learn by 
Prob. 5, | 

To know the Hour it comes to the Weſt, Turn the 
Earth till the Vertical Circle placed in the Weſt, come 
to the Sun ; So ſhall the Index of the Hour-Circle 
point at 53 min, paſt IIII aclock Afternoon, for the 
Time that the Sun comes to the Weſt Point of the Ho- 
rizon, 

And examining again the Vertical Circle, I find 
25 deg. 30 min, of it againſt the Sun, for the Almican- 
tar, as before. ; 
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PROB.,. XIV. 


The Day of the Month, the Latitude of the Place 
and Hour of the Day, given, To find the As 
muth of the Sun, 


BYs the Index of the movable Rundle to the 
Day of the Month, and rectifie the Horizon 
and Hour-Index, as by Prob. 5. Then turn the Earth 
till the Hour-Index point ro the Hour of the Day 
And bring the Vertical Circle to the Sun ; So ſhall the 
number of Degrees of the Horizon that the Vertical 
Circle cuts, counted from the Eaſt Point,either North- 
wards or Southwards, according to the ſcituation of 
the Degree, be the Degrees of Azimuth that the Sun 
hath, if before Noon. Or the Number of Degrees 
of the Horizon that the Vertical Circle cuts, counted 
from the Weſt Pointof the Horizon, either North- 
wards or Southwards, according to the ſcituation of 
the Degree, be the Degrees of Azimuth that the Sun 
hath, it after Noon, 


Example. 


May 10 at 53 min. paſt 8 a clock in the Morning 
here at London, T would know the Azimuth of the 
cun 3 Therefore I bring the Index of the movable 
Rundle to the Day of the Month, and reQtifie the Ho- 
rizon and Hour-Index, as by Prob.s, 'Then I turn the 
Earth back till the Index of the Hour-Circle point to 
$3 m.paſt VIII aclock inthe Hour-Circle: Afterwards 
L bring the Eaſtern Vertical Circle to the Sun ; _ 
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53 


find that then the Vertical Circle cuts the Hookoa in 


61 deg. 3 5 min, from the South Eaſtwards : Therefore 
Iſubſtract 6x deg, 3 5. min from go, and there remains 
18 deg. 25 min, forthe Azimuth of the Sun : And 
becauſe 1 8 deg. 25 min. ate numbred from the Eaſt 
Point of the Horizon Southwards; Therefore I fay, The 
Azimuth is from the Eaſt Southwards, 1 8 deg. 25 min. 


PRO BAV. 


The Day of the Menth, Latitude of the Place, and 
Hour of the Day, given, To find the Almican- 
tar of the Sun, 


His Probleme is in effec the ſame with Prob.g. and 
the Operation is the ſame ; for if the Altitude 
+ beqodeg. as it is in the Example in that Probleme 3 By 
' that Operation the Almicantar will be 4o deg, &c, See 
#ſe of the Globes, Book 2, Prob,23. 


PRoB. XV I. 


The Day of the Month, and Latitude of the Place, 
given, To find the Hour of Suns Riſing or Sec- 
ting ; And the length of Day or Night. 


Ring the Index of the movable Rundle to the 


Day of the month in the Circle of months ; and 
reRifie the Horizon and Hour-Index, as by Prob. 5. 
Then turn the Earth Eaftwards, till ſome part of the 
Eaft fide of the Horizon ſtands direQly againſt the Sun; 
So ſhall the Index of the Hour-Circle point to the 

| I 3 | Hour 
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Hour of the Sun-Rifing, 'Then turn the Earth again 
till ſome-part of the Weſt fide the Horizon, ſtands di- 
redtly again the Sun : So ſhall the Index of the Hour- 
Circle point to the Hour of Sun-Set, 

To know the length of the Day, Double the Hours 
and Minutes of Sun-Ser, and that ſhall be the length of 
the Day. 

Then ſubtract the length of the Day from 24 Hours, 
and the Remainder is the length of the Night. 


Example. 


May 10 I would know the time of Sun Rifing and 
Setting, and the length of Day and Night here at Lon- 
don; Therefore I bring the Index of the moyable 
Rundle to the Day of the month in the Circle of 
months, and reQtifie the Horizon and Hour-Index, as 
by.Prob,5. Then I turn the Earth Eaftward, till ſome 
part of the Eaſtern fide the Horizon ſtands direQly 
againft the Sun; and looking at the Hour-Index, I 
find it point at IIIIaclock, 1o min. which ſhews that 
the Sun Riſes at 10 min, paſt III a clock in the 
Morning. 

Then turning the Earth till Eaſtwards, till ſome 
part of the Weſtern fide the Horizon, ſtands directly 
againſt the Sun, I find the Index point at 5o min, paſt 
VII ; which ſhews that the Sun ſets at 5o min, paſt VII 


clock at Night. 


Then by doubling 7 hours 5o min. the time from 
Noon, I have 1 5 hours, 40 min, for the length of the 
whole Day : And ſubſtracting r 5 hours, qo min, from 
24 hours, I have $ hours, 20min, for the length of 
the Night, | 


PROB. 
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P ROE, XV [T, 


T he Day of the Month, and Latitude of your Place, 
given, To find the begining, duration and end- 
mg of Twilight, Morning and Evening. 


Ring the Index of the movable Rundle to the day 

of the month in the Circle of months,and reifie 

the Horizon and Hour-Index, as by Prob. 5, Then turn 

the Earth Eaſtwards, till the Horizon be elevated 1 $ 

deg. on the Vertical Circle above the Sun ; fo ſhall 

the Sun ſhew it ſelf to the Eaſtwards of your Horizon, 

2s it is in Heayen 5 and the Index of the Hour-Circle 

ſhall ſhew the Hour and Minute that Twilight begins in 
the Morning. ; . 

It you will know when it ends at Night, Turn the 
Earth till the Sun appears Weſtwards from the Earth, 
and till the Horizon be elevated 18 deg. on the Verti- 
cal Circle above the Sun ; fo ſhall the Index of the 
Hour-Circle ſhew in the Hour-Circle the hour and mi- 
nute that Twilight ends in the Evening, 


Example. 


May 10-here at London, I would know when Twi- 
light begins in the Morning , and ends at Night ; 
Therefore I brivg the Index of the movable Rundle 
to May 10 inthe Circle of Months; and rectifie the - 
Horizon and Hour-Index, as by Prob.s. Then I brin 
the Vertical Circle to the Sun, and keep itthere ; And 
turn the Earth Weftwards, till the Horizon riſe 18 deg... 
above the Sun on the Vertical Circle ; fo ſhall the 
SUR . 
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Sun appear to us inthe ſame {cituation it hath in Hea- 
ven, v:z, inan Eaſtern ſcituation 3 and the Index of 
the Hour-Circle will point to 8 mio. paſt I a clock in 
the morning, which is the Time that Twilight begins, 

To know when Twilight ends, I turn the Earth 
ſtill Weſtwards, according to its Progreſs, and bring 
the Weſtern Vertical Semi-Circle to the Sun, and again 
turn the Earth till the Horizon is elevated on it 1 8 deg, 
above the Sun, as before ; ſo ſhall the Index of the 
Hcur-Ci:cle point at 52 min. paſt X aclock at Night, 
which ſhews that Twilightthen ends. 

If you ſubſtrat 1 a 8 min. the begining of 
Twilight,from 4 hours 10 min.the Time of Sun-Riſing 
that Day ( as you may find by Pr0b.16.) itleaves 3 
hours, 2 min. for the duration of Twilight. 


PrROoB. XVIII. 


The. Day of the Month given, Td find what Altera- 
tion of Declination the Sun muſt have to make the 
Day an Hour longer or ſhorter ; And in what 
number of dayes it will be. 


PB g the Index of the movable Rundle to the day 
of the Month1in the Circle of Months ; And 
bring the Eaſt fide the Horizon to the Sun, and mark 
the Degrees of the Horizon. Then alter the ſcituation 
of the Horizon, till its Poles become the Poles of the 
World, and the Plain of the Ecliptick the Horizon to 
the Poles, and what before were the Vertical Circles, 
now Meridians. Then bring your new Poles to the 
Summer Solftice, if your Latitude be North, or to the 
Winter Solſt'ce, if your Latitude be South: Then ſet 
the 


. 
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Dayes an Hour longer or ſhorter. 
Example. 


The Suns Place is Taurus to ; I would know how 
much it mult alter its Declination, before the Day is 
an Hour longer here at London, Therefore bring the 
Index of the qnavable Rundle.to the Day of the 
Month in the Circle of Months, and rectifie the Hori- 
Zon to the Latitude of London, as by Prob.5, Then I 
bring the Eaſt fide the Horizon to the Sun, and with a 
Black-Lead Penfil, make a mark at the Degree of the 
Horizon the Sun ſtands againſt, Then I alter the Sc1- 
tuation of the Horizon, by moving it through the Me- 
ridian,till its Poles,v:z, the Zenith and Nadir, become 
the Poles of the World : for then ſhall the Plain of the 
Ecliptick become the Horizon to thoſe Poles, and the 
former Vertical Circles now Meridians. Then I turn 
theſe new-Poles to the Summer Solſtice ( becauſe the 
Latitude of London is North) and keep it there till the 
Operation be finiſh'd, Afterwards I count the ſame 
pumber of Degrees on that Ecliptick (now Horizon) * 
num- 
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numbred from the firſt Point of Ares, 'that I made a 
mark at in the Horizon when it ſtood in its former po- 
fition , and to this number of Degrees I bring one of 
the Vertical Circles ( now Meridians) and on it with a 
Black-Lead Penfil, as before, make a mark cloſe by 
the edge of the Ecliprick, Then keeping the Sphere 
Rill in this poſition, I move the Vertical Circle for- 
ward according to the ſucceflion of Signs, till it paſſes 
through 55 deg. of the Equator 5 And where the 
Ecliptick again cuts the Vertical Circle, I make ano- 
ther mark 3 Then I count the number of Degrees 
contained between theſe two marks on the Vertical 
Circle, and find them a little more than five ; There- 
fore I ſay when the Sun is in 10 deg. of Taurus, it muſt 
alter its Declination a little more than 5 deg. to make 
the Day an Hour longer here at London. 

Now to know in what number of dayes it ſhall alter 
this Declination, you muſt find what Degree of the 
Ecliptick the Sun will be in at its ſecond Decli- 
Bation. 

Now to know in what number of dayes the Sun 
ſhall alter this Declination from its firſt, You muſt find- 
what Degree of the Ecliptick the Sun will be in at his 
Second Declination ; which you may do by the con- 
verſe of Prob. 6. Andif you move the Index of the 
Rundle from the Suns farit place in the Circle of Signs 
tothe Suns ſecond Place, it will paſs overin the Circle 
of Months, the number of Dayes, that muſt pafs away. 
before they alter an Hour in their length, | 
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PROB, XIX. 


To know how much the Pole is Raiſed or Depreſſed, 
where the longeſt Day is an Hour longer or ſhorter 
than it is in your Habitation, 


Ectifie the Horizon to the Latitude of your Place, 
R and obferve what Degree of the Equator the 
Meridian cuts : Keep the Earth in that poſition, and 
make a prick on the Tropick where the Meridian cuts 
it, Then movethe Earth Weftwards, if you would 
know where the Dayes are an Hour longer ; or Eaſt- 
wards, if you would know where they are an Hour 
ſhorter, tifl the Meridian paſs through 7 deg. of the 
EquinoQtial ; and where the Meridian cuts the Tro- 
pick, make another prick ; Then turn the Earth till 
the Horizon come tothe firſt prick on the Tropick ; 
and keeping the Earth in that poſition, move the Ho- 
rizon through the Meridian till the Horizon touch the 
ſecond _ Soſhallthe Arch of the Meridian, con- 
tained between the Horizon and the Pole,be the num- 
berof Degrees that the Pole is elevated in thoſe pla- 
ces where the Day'is an Hour longer than in' your own 
Habitation, 


Exambple. 


I would know. in what Latitude the longeſt Day is 
an Hour longer than it'is ar London : Therefore I recti- 
fie. the Horizon to 515 deg. and obſerve the Degree 
of the Equator that is atthe Meridian ; Fhen keeping 
the Sphere in this poſition, make a prick on the Tro- 

I 2 pick 
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pick of Cancer, where the Meridian cuts it. Then 1 
move the Earth Weftwards ( becauſe I examine where 
the Dayes are an Hour longer ) till the Meridian paſs 
through 75 deg. from the firſt place it was at in the 
Equator. And where the Meridian cuts the Tropick 
again, IT make another prick ; Then I turn the Earth 
till the Horizon come to the firft prick on the Tro- 
pick, and keep the Earth in this poſition : Afterwards 
I Depreſs the Horizon through the Meridian till it 
come to the ſecond prick on the Tropick of Cancey 5 
Then examining what Degrees are contained between 
the Pole and the Horizon, I find 56% : Therefore I 
ſay where the Pole is elevated 565 deg. above the Ho- 
rizon , the Dayes are an Hour longer than here at 
London, | | | 

If you would know how much the Pole is raiſed 
more than at London, Subſtract the greater number of 
Degrees of Latitude from the lefie number of De- 
grees of Latitude, and the remainder is the number 
of Degrees; which in this Example is 5 degrees. - 


'PROB. X X. 


To find in what Place of the Earth the Sun is in 

the Zenith the Day and Hour given: nd alſo 

'#n What ſeveral Places of the Earth the Sun ſhall 
ſtand in the. Horizon at the ſame time, 


Ring the Index of the movable Rundle to'the 
Day of the Month, and reQtifie the Hour-Index, 

as by Prob. 5, Then ſeek the Suns Declination, as by 
Prob, 6, And turn the Earth Eaſtwards till the Index 


point 
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61. 


point to the: given-Hour ; So ſhall the number of De- 
greesofrheEquinoQial that theMeridian paſſes through 
while the Earth is ſo turning, be the number of Degrees 
of Longitude Eaſtwards trom your Habiration the 
- Place ſhall have in the Parallel of the Suns Declination., 


Example, 


May 10 When it is 53 mio, paſt 8aclock here at 


London, 1 would know in what place of the Earth the 
Sun is in the Zenith 3 Therefore I bring the Index of 
the movable Rundle to May 10, and rectifie the 
Hour-Index by bringing the Meridian to the Sun ; and 
then, as by Prob, 6, I may find the Declination to be 
20 deg. 5 min. Then keeping the Earth in this poſi- 
on, Lobferve what Degree of the Equinodtial the Me- 
ridianis at, and find it to be 56 deg. 46 min. After- 
wards I turn the Earth Eaſtwards till the Index of the 
Hour-Circle point to 5 z min. paſt VIII aclock, And 
examine again what degree of the EquinoCtial the Me- 
ridian is at, and find it to be 11 deg. 18 min. which I 
ſubtract from 56 deg. 46 min. andthe remains is 45 

deg. 28 min. Therefore I ſay in that part of the Earth 
which is 45 deg. 28 min. to the Eaſtwards of London, 

and in the Latitude of 20 deg. 5 min. ( the Declinati- 

on of the Sun) the Sun is in the Zenith; which in this 
Example happens in a place near the Shoars of the 
Red-Sea. 

Now if you open a pair of Callipper Compaſſes to 
go deg. onthe oy mn and place one foot in this 
int of the Earth thus found, and turn the other foot 

round about the Earth, all the places that that foot paſ- 
ſes through ſhall at that time have the Sun in their 


Horizon, 
BY I 2 Or 
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W_.- 


Lonaon.1 find by the Terreſtrial. Ballte be 27 


a clock : ThenT turn the Earth till the Meridian 


' Orif you open the Callipper Compaſſes to $0, 70, 
60, or 50 degrees, &c. and place one foot in that 
point of the Earth aforeſaid, and turn the other foot 
about; All the places it paſſes through ſhall have the 
Sun elevated above their Horizou 10 deg. if the Com- 
paſſes were extended to 80, 20 deg. if to 70. zo, if to 
60, deg. &c, 


PRoB. X XIE. 


To know at any given-time,What a Clock it is in any 
other part of the Barth. 


/ ems firſt the Longitude of both your Places ; 


.\. Then bring the Meridian to the degree of Lon- 
gitude on the Equinodial your Habitation hath, and 
turn the Index of the Hout-Circle.to the Hour of the 
Day ; Then turn the Meridian to- the degree of Lon- 
gitude on the EquinoGial.the Place hath you enquire 
_ 5 So ſhall the Hour-Jadex ſhew what a clack. it is 
LnEre, | 


Example. 


When.it is 53; min, paſt, & a clock in the Morn- 
ing here at. London, I. would know what aclock it is 
then at Surat in the Eaſt-Indies. The Longitude of 

and 
the-Longitude of Sarat.1:14 deg. 25, ——— 
wards.of it : Therefore I. fir bring-the Meridian to 
27 deg. ox-the Equator,, the: Longitade of Lewdon,and 
ſet the. Index of the Hour-Circle te g3.min; paſt VILL 
come 
to 


Y 
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to 114 deg. 25 min, the Longitude of Surat, and find 
that the Index then points at II hours 45 min. in the 
Afternoon 3 And that is the Hour of the Day at Surat 
when itis 53 min. paſt VIII a clock in the Morning 
here at London. 


PRos. A XIL 


The Day of the Month, and the Meridian Altitude 
of the Sun, given, To find the Elevation of the 
Pole, 


Ring the Index of the movable Rundle to the Day 
of the Month 5 Then bring the Meridian to the 
Sun, and depreſs the Horizon till the Sun ftands fo 
many degrees above it, as is the Meridian Alritude of 
the Sun 3 So ſhall the upper edge of the Horizon ſtand: 
at the Degree on the Meridian of. the Poles Ele-- 
vation, 


Example. 


The Day of the Month is March 20; And the Me-- 
ridian Altitude of the Sun here at Londen, is 42 deg. 
2 5 min, Therefore I bring the Index of the movable- 
Rundle to March 20 in the Circle of Months, and 
turn the Earth till the Meridian ſtands againſt the Sun : 
Then I depreſs the Horizon 42 deg. 25 min. below 
the Sun 3 and look on the upper edge ofthe Horizon, 
and find that it ſtands againſt 51 deg, 3o min, onthe 
Meridiad. Therefore I ſay the Elevation of the Pole. 
here at London,'is 51 deg. 3o min, See another way, . 


Kſe of the Globes, Book 2, Prob. ys, 
; P ROB,. 
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Pros. XXIIL. 


The Day of the Month, and Altitude of the Sun 
at Eaſt, given, To find the Heighth of the 


Pole. 


» 


Ring the Index of the movable Rundle to the 
B Day of the Month, and by the Day ofthe month 
given, find the Declination of the Sun, as by Prob, 6. 
Then elevate the Pole to the complement of the Suns 
Altitude, and bring the Meridian to the Equinoctial 
Point Ayes, and count on the Vertical Circle to the 
Degree of the Suns Declination : Then bring that 
Degree to the EquinoCtial,and note the Degree it cuts, 
for its complement to go is the Heighth of the Pole, 


Example. 


The Day of the Month is May-10 ; Therefore I 
bring the Index of the movable Rundle to May 10 in 
the Circle of Months ; and by Prob. 6. I find the De- 
clination of the Sun to be 20 deg. 5 min. The Alti- 
rude of the Sun at Eaſt is 25 deg. 55 min, which I ſub- 
ſtraQ from 90, and the remains is 64 deg. 5 min, the 
complement of the Suns Altitude ; Therefore I ſlide 
the Horizon upon the Meridian, till the Pole ſtands 64. 
deg, 5 min. above the Horizon : Then I bring the Me- 
ridian to the Equinodtial Point Aries, and number on 
the Vertical Circle 2o deg. 5 min. ( the Declination 
of the Sun) and bring that degree to the Equinodtial, 
and find the Vertical Circle cut the EquinoGtial in 385 

.” | deg. 
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deg. which 1 ſubſirat from 90, and the remains is 


515 deg. which is the Elevation of the Pole. 
The Declination and Eleyation is alwayes of the 
ſame Denomination either North or South ; for when 


they alter their Denomination, the Sun at the Eaft- 


can have no Altitude, neither can it indeed reach the 
Eaſt Point : And therefore 1n this Example, becauſe 
the Declination of the Sun is North, it is the North 
Pole that is elevated, 


PRoOB XXIV. 


How to find the true Places of all the Stars on the 
Sphere. Together with their Longitude and La- 
titude. 


| Oundabout the Plain of the Ecliptick, is placed 
R ſeveral of the moſt eminent fixed Stars, 
according to their Longitudes in the Ecliptick : And 
along the two Semi-Circles of Latitude, is placed the 
ſame Stars according to their Latitudes from the Eclip- 
tick, So that if you would find the true place of any 
given-Star in the Sphere, Seek the Star firſt in the Ecli- 
ptick ; Then ſeek the ſame Star on one of the Semi- 
Circles of Latitude, and bring the edge of that Semi- 
Circle to the Star on the Ecliptick ; $So ſhall the Star 
on the Semi-Circle of Latitude, ſtand in the ſame 
place and ſcituation on the Sphere, that it doth in 
Heaven, 


E xample, 


yy 
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Example. 


I would find the Scituation of the bright Star in Ly- 
ns 3 Therefore examining the Ecliptick, I find a Star 
with that name adjoyning to it in w 10 deg. 43 min, 
which is th2 Longitude of that Star. Then bringing 
the graduated edge of the Vernal Semi-Circle of Lati- 


tude to that Star on the Ecliptick, I run along with my 


eye on the Semi-Circle of Latitude, and find the ſame- 
name fixed to a Star in 61 deg.47 min, upwards, which 
is the Latitude of that Star : And becauſe it is up- 
wards, it ſhewes the Latitude to be North : So that 
the Star Lyra ſtands now on the Sphere to correſpond 
in Longitude and. Latitude with the Star Lyra in. 
Heaven, 

Again : I take Procyon, the little Dog ; This Star 
Liſeek in the Ecliptick, and find it in & 2.1 deg. 18 min, 
But this. Star is not to be found upon the ſame Semi-. 
Circle of Latitude ; or. if it were, it could not be 
brought to uſe, becauſethe Axis of the Earth will not 
ſuffer this Semi-Circle to paſs the firſt point of Cancer -- 
Therefore I bring the Autumnal Semi-Circle of Lati- 
tudeto Procyon.on the Ecliptick, and run along that. 
Semi-Circle with my eye, till I meet with Procyon- 
thereon, which I find x 5 deg. 57 min, below the Eclip-- 
tick, which is. the Latirude of Procyon: And becauſe 
itis below the Ecliptick, therefore it bath South La-- 
titude : So that the Star Procy: ſtands now alfo on the - 
Sphere to correſpond in Longitude and Latitude with 
the Star Procyon in Heaven, And theſe Stars being 
thus ſcituated, their Rifings, Settings, Culminatings, 
Altitudes, Azimuths, Right Afcentions, Declinations, . 
&c, appear as.natural by the Earths Diurnal Converfi-. 

| on. 
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on as by the Diurnal Revolution of the eighth Sphere; 


As ſhall be ſhewed in their reſpective Problemes. 

Burt if you enquire after any Star that is not on the 
Sphere, you may place it on the Sphere thus : By Ta- 
bles you muſt know the C_—_ & Latitude of the 
Stars, and with Black-Lead place its Longitude on the 
Ecliptick, and its Latitude on its proper Semi-Circle 
of Latitude : Then by bringing the Semi-Circle of 
Latitude to the mark you made for the Star in the 
Ecliptick, the mark you made on the Semi-Circle of 
Latitude ſhall on the Sphere ſtand correſpondent with 
that Star in Heaven, 


PrROB. XXV. 
To find the Right Aſcention of any Star. 


Beg the proper Semi-Circle of Latitude to the 
Star on the Ecliptick ; Then bring the Meridian 
to that Star on the Semi-Circle of Latitude ; And the 
Degree of the Equator cut by the Meridian,is the De- 
oree of the Right Aſcentiov, 


Example. 


I take Capella, alias Fircus, and bring the Vernal 
Semi-Circle of Latitude to that Star onthe Ecliptick ; 
Then I bring the Meridian to that Star on the Semi- 
Circle of Latitude, and find the Meridian cut the Equi- 
noQialin 7 z deg.s 8 min.counted fromthe EquinoQi- 
al Pointy : Therefore I fay the Right Aſcentiondf 
Firens is 7 3 deg. 58 min, | 
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PRoOB. XXV1. 
To find the Declination of any Star. 


| B*s the proper Semi-Circle of Latitude to the 


Star or the Ecliptick 3 then bring the Meridi- 
an to the Star on the Semi-Circle of Latitude; and 
the number of Degrees on the Meridian, comprehen- 
ded between the Equator and the Star, is the Degree 
of Declination, | 

Example. 


I take Capella aforefaid, and bring the Vernal Se- 
mi-Circle to that Star on the Ecliptick : Then I bring 
the Meridian to that Star on the Semi-Circle of Lati- 
tude, and find 45 deg. 40 min, comprehended be- 
eween the Equator and that Star, And becauſe Capella 
js on the North fide the Equator ; therefore I ſay Ca- 

pella hath 45 deg. 40min. North Latitude, 


PRoOB. XXVI1. 


To find the Right Deſcention , and the Oblique 
Aſcentiom, and the Oblique Deſcention of any 
Star in any given-Latitude. 


 Ectifie the Horizon, as by Prob. 5. Then bring 
the proper Semi-Circle of Latitude to the Star 
on the Ecliptick, and bring ſome part of the Meridi- 
an which is under the Meridian to the Star ; <o ſhall 
the Degree of the Equator cut by the Meridian, be the 
EE ns _” Degree 


IE 
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Degree of Right Deſcention. If no part of the Me- 


ridian under the Horizon will come to the Star, then 


hath that Star no Right Deſcention in that Latitude. 


For the Oblique Aſcention. 


ReQtifie the Horizon, as by Prob.5. Then bring the 
proper Semi-Circle of Latitude to the Star on the E- 
cliptick, and turn the Eaſt fide the Horizon to the 
Star 3 So ſhall the Degree of the Equator cut by the 
Horizon be the Degree of Oblique Aſcention, 


For the Oblique Deſcention, 


ReQtifie the Horizon as by Prob.5. then bring the 
proper Semi-Circle of Latitude to the Star on the 
Ecliptick, and turn the Weft fide the Horizon to the 
Star 3 So ſhall the Degree on the Equator, cut by the 
Meridian, be the Degree of Oblique Deſcentioo, 


PROB., XXVIII. 


The Day of the Month, and Hour of the Day or 
Night, given, To find the Heighth of any Star 
above the Horizon im any given-Latitude. 


| ERifie the Horizon and Hour-Index, and briog 
the Index of the movable Rundle to the day of 
the Month in the Circle of Months ; Then bring the 
proper Semi-Circle of Latitude to the Star on the 
Ecliptick 3 and turn the Earth till the Index of the 
Hour-Circle come to the Hour of the day ; then _ 
| K 3 the 
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the Vertical Circle to the Star : © So ſhall the number of 
degrees onthe Vertical Circle at the Star, be the 
Heighth of that Star. 


Example. 


April 19, at 1x aclockat Night here at Londov, I 
would know the Altitude of Spica Virgo ; Therefore 
I bring the Index of the moyable Rundle to April x9, 
and reQifie the Horizon and Hour-Index, as by Prob. 
5. ThenIbringthe Autumnal Semi-Circle of Lati- 
tudeto the Star ( called , Spica Y:rgo) on the Ecli- 
ptick, and turn the Earth till the Index of the Hour- 
Circle come to XI a clock ; Afterwards I ſeek 
Spica Virgo on the aforeſaid Semi-Circle of Latitude, 
and bring one of the Vertical Semi-Circles to that Star, 
and find 28 deg. 5y min. 'of the Vertical Semi-Circle 
then atthe Star. Therefore I fay, on April x9 at a 
11 aclock at Night here at London, Spica Virgois ele- 
vated above the Horizon 28 deg. 59-min, | 


"Wd, > 


PROM AXE. 


The Daz of the Month, given, To findthe Time of 
the Riſing and Setting of any Star in any La- 
titude. 


Ring the Index of the movable Rundleto the day 

of the Month in the Circle of Months, and reQi- 

fie the Horizon and Hour-Index ; Then bring the pro- 
per Semi-Circle of Latitude to the Star on the Ecli- 
prick,and bring the Eaſt fide the Horizon to the Star 3 


So 
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So ſhall the Index of the Hour-Circle ſhew-the. Hour 
the Star Riſes. | 

And if you bring the Weft fide the Horizon to the 
Star, the Index of the Hour-Ciurcle ſhall ſhew.che Hour 
that Star Sets. 


Example. 


May 10 hereat London, 1 would know when Spica 
Virgo Riſes, Therefore I bring the Index of the mo- 
vable Rundle to May 10 in the Circle of Months, and 
rectifie the Horizon and Hour-Index, as by Prob. 5. 
Then T bring the Autamnal Semi-Circle of Latitude 
to the Star Sprca Virgo on the Ecliptick, and turn the 
Earth till the Eaſt fide the Horizon comes to the Star 
on the aforeſaid Semi-Circle of Latitude : Then look- 
ing in the Hour-Circle, I find the Index point to IIIL 
Hours, and almoft half a quarter after Noon 3 which 
is the time Spice Virgo Riſes. | 

To know when it Sets,I bring the Weſt fide the Ho- 
rizon to the Star, and find the Index of the Hour- 
Circle point to VIII a clock in the Morning within 
half a quarter of an Hour ; Which is the time Sprce: 
Virgo Sets. | 


ProB. XXX, 


To know What Stars neither Riſe or Set.m-any given- 
Latitude. 


"Hoſe Stars that have greater North Declination 
than is the Elevation of the North Pole, never: 

IN f 

And'. 


_ 


Setunder that Horizon, . 


i 
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And thoſe Stars that have greater South Declination 
thanis the Elevation of the North Pole, never Riſe 
above that Horizon, As you may try by any Star 
that hath ſuch Declination. If you rectifie the Hori- 
Zon, as by Prob,5, and ſetthat Star in its proper place, 
as by Preb. 25. and then turn about the Horizon ; for 
ſo ſhall the North fide the Horizon, never Riſe above 
thoſe Stars that Cer not in Northern Latitude, nor the 
.South fide the Horizon, ever fink below thoſe Stars 
that Riſe not in the ſame Latitude. 


PROB XAXI. 


To find the Difference of Time between the Ri- 
ſing and Setting of any two Stars in any given- 
Latitude. 


Ectifice the Horizon, and ſet the Stars to their pro- 

per place ; then bring the Eaſt fide the Horizon 

to that Star which hath leaſt Longitude, and turn the 

Index of the Hour-Circle to XII; Then bring the 

Eaſt fide the Horizon to the other Star : So ſhall the 

Index of the Hour-Circle point to the number of 

Hours that there is difference between the Rifing of 
thoſe Stars. 

To know the Difference of Time between their 
Setting. Bring the Weſt fide the Horizon to the Star 
that hath greateſt Longitude, and the Index of the 
Hour-Circle to XII 3 Then bring the Weſt fide the 
Hor1zon to the ather Star ; And the Index of the 
Hour-Circle ſhall point to the number of Hours that 
there is difference of Time between their Setting. 
Exam- 
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Example, For the Difference of Time in 
their Riſing. 


I would know the. Difference of Rifing between 
Strius and Sprca Virgo, Therefore I rectifie the Ho- 
riZOn, as by Prob.5, and ſet the Stars on the Semi-Cir- 
cles of Latitude to their proper Places, as by Prob.25. 
Then (becauſe Sirius hath leaſt Longirude) I bring 
the Eaſt ſide the Horizon to Sirius on the Semi-Circle 
of Latitude ; and keeping it there, I turn the Index 
of the Hour-Circle to XII (it matters nor which X11) 
Afterwards I bring the Eaſt fide the Horizon to Spree 
Virgo (on the other Semi-Circle of Latitude) and tind 
then the Index of the Hour-Circle point at V Hours, 
58 min, which is the number of Hours and Minutes 
Spica Virgo Riſes after Sirtus. 


Example, For the Difference of Time in 
their Setting. 


The Horizon Rettified, and Stars placed as before, 
I bring the Weſt fide the Horizon to Spica Virgo, be- 
cauſe this Star hath greateſt Longitude ; and the In- 
dex of the Hour-Circleto XII : ThenlI turn the Weft 
ſide the Horizon to Strivs, and find the Index of the 
Hour-Circle to point at VII Hours 18 min, which is 
the number of Hours and Minutes that Strews Sets af- 


ter SpecaVirgo. 
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PROB, XXXITI 
To find the Coſmical Riſing and Setting of 


the Stars; 


"He Coſmical Riſing of Stars, is their Riſing with 
the Sun, And their Coſmical Setting is their. 
Setting when the Sun Riſes 5 As I told you in the z/+ 
of the Globes, Book 2, Prob. 35. So that that Sign the 
Sun is in Riſes Coſmically, Therefore ſeek but the 
Day of the Month in the Circle of Months,and againſt 
it inthe Circle of <igns, you have the Sign and degree 
of the Ecliptick that Riſes Coſmically : And the op- 
poſite Sign and. degree of the Ecliptick, ters Coſ- 
mically, This needs no Example, | 


PROB. XAAIL 


To find the Acronical Riſing and Setting of 
the Stars, 


T He Acronical Riſing of the Stars, is their Riſing 
 whenthe Sun Sets. And the Acronical Setting, 
is their Setting with the Sun 3. As Etold you in the &/z 
- the Globes, Book 2. Prob. 36: ſo that the Sign oppo- 
ite tothe Sun, Riſes Acronically ; And the Sign the 
Sun is in, Sets Acronically, From whence you; may 
perceive, that that Sign that Rifes- Acronically, Sets 
 Coſmically, And that Sign that Sets Acronically, Ri- 
les Coſmically. 

P.RO.B.. 


o 
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PRoB. XX XIV. 


To . find the Heliacal Riſing and Setting of 
the Stars. 


FAT Hen a Star formerly in the Sun-Beams 
h V comes out of the Sun-Beames, it is ſaid to 
Riſe Heliacally, And 
| When aStar formerly out of the $un-Beams, comes 
into the Sun-Beams, it is ſaid to Set Heliacally, 

Now the Stars aforeſaid, to go into the Sun-Beams, 
or come out of the Sun-Beams ſooner or later, ac- 
cording to their various Magnitudes, For the Rule of 
which, I refer you to the #fe of the Globes, Book 2. 
Prob, 37. 

But to find the Time that any Star ſhall Riſe Helia- 
cally, Do thus, Reftifie the Horizon, and ſer the Star 
to its proper place: Then turn the Eaſt fide the Hori- 
zon to the Star, and move the Vertical Circle to and 
froin the Weſt, till you can make the number of de- 
Degrees aſhgned to the Magnitude of the Star coun- 
ted on the Vertical Circle below the Horizon,lie in the 
Ecliptick, Then ſee what Degree of the Ecliptick 
the Vertical Semi-Circle cuts ; for when the Sun comes 
to the oppoſite Degree of the Ecliptick, that Star 


ſhall Riſe Heliacally. 


Example. 


I would know when Cor Leonzs ſhall Rife Heliacal» 
ly hereat London, Therefore I rectific the Horizon, 


as by Prob.5. and ſer the Star inits proper place, as by 
L 2 Prob, 
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Prob.25. and bring the Eaſt fide the Horizon to that 
Star on the Semi-Circle of Latitude ; and keeping the 
Horizon in this poſition, I move the Vertical Circle to 
and fro on the Weſt ſide the Horizon, till I can fit 12 
deg. of it; becauſe Cor Leonir' is a Star of the firſt - 
Magnitude, counted from the Horizon downwards, 
to lye in the Ecliptick, Then I examine what Degree 
of the Ecliptick that Vertical Semi-Circle cuts, and 
find it to be 9 deg, of Piſces. Now the Degree of 
the Ecliptick, oppoſite to Piſces 9. is Virgo 9g, There- 
fore when the Sun comes to Vergo 9 deg. which by 
Prob. 4.is Auguſt 23, Cor Leonzs ſhall Riſe Heliacally 


For the Heliacal Setting of the Stars. 


Rectifie the Horizon, and ſet the Star in its proper 
place; then bring the Weſt ſide the Hoxzizon to the 
Star, and move the Vertical Circle to and froin the 
Eaft, till you can make the number of degrees (aſfign- 
ed to the Magnitude of your Star) counted on the Ver- 
tical Circle abovethe Horizon, lye in the Ecliptick : 
Then ſee what Degree of the Ecliptick the Vertical 
Semi-Circle cuts ; tor when the Sun comes to the o 
poſite Degree of the Ecliptick, that Star ſhall riſe 
Heliacally. - | 


Example. 


E would know when B:Janx, a bright Star in the 
 Beamotf the Scales; will ſet Heliacally here at London. 
Therefore I redctifie the Horizon, as by Prob.5. And 
ſet the Star 10 its proper place,as by Prob.25. and bring 
the Eaſt fide the Horizon to that Star on the Semi-Cir- 
cle of Latitude: And keeping the Horizon in this po- 
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becauſe Bilanx is a Star of the ſecond Magnitude, 
counted from the Horizon upwards to lie in the Ecli- 
ptick. Then I examine what Degree of the Ecliptick 
that Vertical Semi-Circle cuts, and find itto be & 4+. 
Now the Degree of the Ecliptick oppoſite to & 4+. 
ism 45: Therefore when the Sun comes to m q= deg. 
which, by Prob, 4. is Oftober 18, Bilanx ſhall fer 
Heliacally, 


PkoB. XXXV. 


The Meridian Altitude of any Star, given, To- 
find the Heighth of the Pole. 


Et the Star in its proper place, then bring the Me- 
Sg ridian tothe Star, and moye the Horizon upwards 
or downwards, and the Vertical Circleto or fro, till 
the Star be elevated on the Vertical Circle above the 
Horizon the ſame number of Degrees it hath in Hea- 
ven ; So ſhall the number of Degrees intercepted be- 
tween the Horizon and the Pole, be the Elevation of 
the Pole. | 


Example. 


Spica Virgo is obſerved to have 28 deg, 5 9 min, Me- 
ridian Altitude here at London 5 Therefore I place Sp:- 
ca Virgo in its proper place, as by Prob,25, And bring 
the Meridian to that Star on its proper Semi-Circle of 
Latitude, 'Then Ielevate or depreſs the Horizon,and. 
EL T move 


ſition, I move the Vertical Semi-Circle to and fro on 
the Eaſt fide the Horizon, till I can fit 13 deg. of it, 
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move the Vertical Circle to or fro till Ican make 28 


deg. 59 min, of the Vertical Circle, counted from the 
Horizon upwards, to lye juſt under Sp:ca Virgo : 
Then counting the number of Degrees between the 
Pole and the Horizon, I find them 515deg. There- 
fore I ſay the Elevation of the Pole here at London, is 
5 15 degrees, 

See an Exception to this Rule in #/e of the Globes, 
Book 2, Prob, 17. 


Pao KLAXy Ll 


To find what Degree of the Ecliptick comes to the 
"Meridian with any given-Star. 


Et the Star in its proper place, and bring the Meri- 
I diantoit; So ſhallthe Degree of the Ecliptick 
cut by the Meridian, be the Degree of the Ecliptick 


. that comes.to the Meridian with that Star. 


Example. 


1 would know what Degree of the Ecliptick comes 
to the Meridian with Lyra; Therefore I ſet Lyra to its 
place, as by Prob. 25. and-bring the Meridian to it, 
and find Capricorn 6 deg, 5 5 min, cut by the Meridian : 
Therefore I fay Capricorn 6 deg. 55 min, of the Ecli- 
ptick comes to.the. Meridian with Lyra. 
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PROB, XXXVII. 


The Day of the. Month, and Hour of the Night, 
given, To know any remarkable Star you ſee in 
Heaven in any given-Latitude. | 


BYs the Index of the movable Rundle to the 

Day of the Month, and rectifie the Horizon and 
Hour-Index 5 Then turn the Earth till the Index of 
the Hour-Circle come to the Hour af the Night ; and 
obſerve the Altitude of the Star, and what point of 
the Compaſs it bears on : Then bring the Vertical 
Circle to the ſame point of ths Conent and number 
on the Vertical Circle the Stars Altitude; Then try 
with the Semi-Circle of Latitude, what Star you can fit- 
to that Altitude, for that is the Star in Heaven. 


Example. 


September 5, at 10 a clock at Night here at London; 

I fee a bright Star in the North-Eaſt 23 deg, above the 
Horizon, Therefore I bring the Index of the mova- 
ble Rundle to the Day of the Month in the Circle of 
Months. and rectifie the Horizon and Hour-Index as 
by Prob. 5. Thenl1 turn the Earth till the Index of the 
Hour-Circle comes to Xa clock at Night; And ha- 
ving obſerved the Star in. the North-Eaſt 23 deg- 
above the Horizon, 1 bring the Vertical Circle to the 
North-Eaſt Point on the Horizon ; and numbring on 
the Vertical Circle 23 deg. I try with the Circle of 
Latitude, what Star comes to 23 deg. on the one 
| : Cucle - 


wmSdP_c. accom ou. — 
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'Circle,and find it ro be Fircus 5 Therefore I fay Hir= 


cus is the Star in Heaven I defired to know, 


PROB XXXV III. 


To find what Day of the Month any given-Star 
ſhall at any given-Hour come to any Point of the 
Compaſs in any given-Latitude. 


Ectifie the Horizon, and bring the Vertical Cir- 
cle to the Point of the Compaſs the Star hath ; 
then ſet the Star to its place, and turn the Earth till 
the Vertical Circle comes to the Star ; Then turn the 
Index of the Hour-Circle to the given-Hour ; after- 
wards turn the Earth till the Index of the Hour- 
Circle points to XII at Noon 3 So ſhall the Meridian 
cut the Degree of the Ecliptick the Sun is in : Then 
bring the Index of the movable Rundle to that De- 
gree of the Ecliptick in the Circle of Signs, and at 
the ſame time the Index ſhall alſo cut the Day of the 
Month in the Circle of Months ; on which the given- 
Star ſhall at the given-Hour, come to the given- 
Point of the Compaſs. | 


| Examples 


I fee Heircxs at 10 a clock at Nightin the North- 
Eaſt here at London. Therefore reCtifie the Horizon 
to the Latitude of London, as by Prob.y, and bring the 
Vertical Circle to the North-Eaft point in the Hori- 
zon 3 Then I ſet Hrreus toits place, as by Prob.25. 
and turn the Earth till the Vertical Circle comes to 
FHircus 
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Hircus on the Semi-Circle of Latitude : Then keep- 
ing the Earth in this poſition, T- turn the Index of the 
Hour-Circleto X a clock at Night: Afterwards I turn 
the Earth back again till the Index of the Hour-Circle 
pointto.XII a clock at Noon, and examine where the 
Meridian then cuts the Ecliptick, and find it tobe in 
22 deg, of Virgo, which is the Degreeof the Ecli- 
ptick.the Sun ſhall be in on the Day ſought for : There- 
tore bythe converſe of Prob. 4. having the Degree of 
the Ecliptick the Sun is in, I find the Day of the 
Month, 'Thus, I bring the Index of the movable Run- 
dle to Vergo 22 in the Circle of Signs, and find the 
ſame Index cut in the Circle of Months September x. 
Therefore I ſay when FHZrrcus is in the North-Eaſt at 
10aclock at Night here at London, it ſhall be the fifth 
Day of September. 
By this Probleme the Day of the Month may be found 
though it were loſt. 
Note that the Vertical Circle at the ſame time ſhews 
the Altitude of Hircus to be 23 Degrees above the 
. Horizon, | 


PxoB, XXXIX. | 


The Day of the Month, and Altitude of any known 
Star on the Baſt, or on the Weſt ſide the Hori- 
20n, given, To find the Azimuth and Hour of 
the Night in any given-Latitude. 


Ring the Index of the movable Rundle to the 
Day of the Month in the Circle of Months, 

and reQifie the Horizon and Hour-Index ; then bring 
ws ES. 
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the Star to its place; and if it ſtand on the Eaſt fide 
the Horizon in Heaven, bring the Vertical Circle to 
the Eaſt fide the Horizon; If it Rand on the Weſt ſide 
the Horizon in Heaven,bring the Vertical Circle to the 
Weft fide the Horizon, and move the Earth and Ver- 
tical Circle to and fro till you can fitthe number of 
Degrees of Altitude, counted on the Vertical Circle, 
to the Star 3 So ſhall the Vertical Circle in the Ho- 
rizon ſhew the Azimuth ; and the Index of the Hour- 
Circle ſhew in the Hour-Circle the Hour of the 


Night, 
Example. 


September 5 here at London, 1 ſee Hircus on the Eaſt 
fide the Horizon, elevated 23 deg. 1 would know its. 
Azimuth, and the Hour of the Night. "Therefore I 


bring the Index of the movable Rundle to September 


5. and redifie the Horizon and Hour-Index, as by 
Prob. 5. and ſet Hercus to its place, as by Prob. 25. 
and becauſe it is on the Eaſt fidethe Horizon, I bring 
the Vertical Circle to the Eaſt fide the Horizon of 


- the Sphere, and move it and the Earth to'and fro 


cill I can make 2 3 deg. of it lie under the Star Fircus 
on the Semi-Circle of Latitude 5 Then looking in the 
Horizon, 1 find the Vertical Circle cutitin x 35 deg. 


which is the number of Degrees of Azimuth, count- 


ed from the South Point the Horizon that Htrcus at 
that time hath in Heaven. And looking on the In- 
dex of the Hour-Circle, I find the Index point at X 
a clock, which alſo ſhews the Hour of the Night. 


PR O.B; 
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 PRoOB. KE. 


The Day of the Month, and Azimuth of any known 


Star, given, To find the Hour of the Night, 
and A lmicantar of that Star, | FH. 


Ring the Index of the movable Rundle to the 
LJ Day of the Month, and redtifie the Horizon and 
Hour-Index 3 then bring the Star to its place, and the 
Vertical Circle to its known Degree of Azimuth : 
Then turn the Earth till the Vertical Circle comes to 
the Star 3 So ſhall the Index of the Hour-Circle ſhew 
the Hour of the Night ; and the Degree of the Ver- 
tical Circle cut by the Star, ſhall be the Almicantar. 


- 


Example. 


September 5 here at London, the Azimuth of Fir- 
cus is 135 deg. from the South Point on the Eaſt fide 
the Horizon. Therefore I bring the Index of the mo- 


. vable Rundle to Sepz. 5, in the Circle of Months, 


and rectifie the Horizon and Hour-Index, as by 


Prob, 5. Then I bring the Vertical Circle to 135 


deg. counted from the South Point the Horizon on 
the Eaſt fide, and ſet Hircas to its place, as by Prob. 
25. Afterwards I turn the Earth till the Vertical 
Circle comes to Hircus on the Circle of Latitude 
and examining the Index of the Hour-Circle, I find 


| itpointto X a clock, which is the Hour of the Night ; 


and I alſo find 23 deg. of the Vertical Circle lie juſt 
under H:rcus onthe Circle of Latitude, which is then 
the Almicantar of H:rcus. 


M 2 P ROB. 
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Hour of. the Night. 


PrROB. X LI. 


To find the Hour of the Night by two Stars in- 
the ſame Azimnth. 


Ring the Index. of the movable Rundle to the- 
Day of the Month, and rectifie the Horizon and 
Hour-Index ; Then if one of the Stars. is placed in 
the Vernal Hemiſphere, and the other in the Autum- 
nal Hemiſphere, you. have no more trouble but to 
place themjin their.proper places, and move the Earth 
and Vertical Circle to andfro, till you can make the 

Vertical Circle cut both the Stars at once 3 So ſhall the. 
Index of the Hour-Circle point to the. Hour of the 
Night. But if they both ſtand in the ſame Hemiſphere, 

w1z. either in the Vernal.or Autumnal, then are they 
both placed on the ſame Semi-Circle of Latitude : and-. 
therefore the Solution will require a double Operati- 

an, Thus, Having rectified the Sphere as aforeſaid, 

{et one Star to its place ; and 'guefling as near the Azi-- 
muth as you can, bring the Vertical Circle to-the ſame- 
Azimuth on the Horizon ; then place the Semi-Circle- 
of Latitude to the ſecond Star on the Ecliptick ; and- 
if the Vertical Circle cpts that Star on the Semi-Circle 
of Latitude alſo, - the Index of the Hour-Circle ſhall 

ſhew the Hour of the Night : But if the Vertical Cir- 
cle do not cutthe ſecond Star, then is the firſt not 
right placed, and you muſt make another proffer by 

moving the Earth and Vertical Circle till you can 
make both the Stars ſucceſſively lie in the ſame Azi- 

muth ; So ſhall the Index of the Hour-Circle ſhew the 


Exampl, 2" 
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Example. 


December x 1 here at London, 1 ſee Heircus and Cani-- 
cula in the ſame Azimuth, I would thereby know the 
Hour of the Night. Therefore I bring x & Index of 
the moyable Rundle to December 1 1, and recifie the 
Horizon and Hour-Index, as by Prob.5. Then I bring 
both the Stars to-their-places (becauſe the one is placed 
on the Vernal, and the other on the Autumnal Hemi- 
ſphere) and move the Earth and Vertical Circle to and 
tro till T can make it cut them both at-once ; and look- 
ing on the Index of the Hour-Circle, I find it point to. 
R aclock, which is the Hour of the Night. 


Example, Where both Stars happen in the. 
| ſame Hemiſphere. 


Tune 9.1 ſee Cauda Cipnt and Marchab in the ſame - 
Azimuth, Therefore I bring the Index of the. mova- 
ble Rundle to Fane 9, and rectifie the Horizon and 
Hour-Index, as by Prob, 5. Then I bring the proper - 
Semi-Circle of Latitude to Cauda Crgnt on the Eclis 
ptick, .and place the Vertical Circle on the Horizon as 
near the. Azimuth as I can gueſs, and fo turn the Earth 
till the Vertical Semi-Circle comes.to Cauda Cgnz on 
the Semi-Circle of Latitude : Afterwards I move the 
Semi-Circle of Latitude to Merchab.on the Ecliptick, 
(.butTI keep the Earth in its former poſition) and ſee it 
the Vertical Circle will then cut Mearchab on the Semi- 
Circle of Latitude; if it doth, the Probleme is reſol- 
ved; if not, I bring Cauda Cignt again to its place,and 


move the Earth and Vertical Circle Northwards or-- 


M. 3 South+- 
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Southwards according to Judgement, till, when the 
frit Star lies in the Vertical Circle, the ſecond Star 
alſo (ſet to its place) ſhall alſolye in the ſame Vertical 


Circle 5 and then looking in the Index of the Hour- 


Circle, 1 find it point to half an hour paſt XI at Night, 
which is the Time thoſe two Stars lie in the ſame Azi- 
muth.on June 9, | 


PRO AXLIL 
To find the Hour of the Night by two Stars in the 


fame Almicantar. 


Ring the Index of the movable Rundle tothe 
2 ) Day of the Month in the Circle of Months, and 
rectifie the Horizon and Hour-Index ; then if one of 
the Stars are placed in the Vernal Hemiſphere, and the 
other in the Autumnal Hemiſphere , you need bur 
place them to their ſeveral places, and move the 
Earth and Vertical Circle to and fro till you can make 
the Vertical Circle cut them both in the ſame Degree 3 
So ſhall the Index of the Hour-Circle point to the 
Hour of theNight. 
But if they both ſtand in the ſame Hemiſphere, the 
lution will require a double operation ; for then you 
muſt ſet one Star firſt to its place ; and gueſling at the 
Almicantar, turn the Earth and Vertical Circle ill you 
can make that Star ſtand above the Horizon ſo many 
Degrees as you gueſs it to be in Heaven : Then ſet the 
ſecond Star to its place, and keeping the Earth ſteddy, 
try if the ſame Degree of the Vertical Circle cuts that 
Star alſo, It it doth, the Probleme-is reſolved by the 
Index of the Hour-Circle, Bur it the ſame Degree 
| of 


. 
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of the Vertical Circle do not cut that Star alſo, then 
did you not gueſs aright at the Altitude of the firſt 
Star 3 and therefore |you muſt make another proffer 
by bringing the firſt Star again toits place, and mo- 
ving the Earth or Vertical Circle, or both, till the firſt 
Star have ſuch an Elevation above the Horizon, as will 
agree with the ſecond, for then the Index of the Hour= 
Circle reſolves the Probleme, as before. 


Example. 


. January 1. here at London, I ſee Sirius and Cor Leonie: 


in the ſame Almicantar. Therefore I bring the Index. 
of the movable Rundle to Far. 1, and reQtifie the Ho- 
rizon and Hour-Index, as by Prob.s5. Then I bring the 
proper Semi-Circle of Latitude to $7775 on the Ecli- 
ptick, and move the Earth and Vertical Circle to and 


tro till 1 can joyn ſo many Degrees of the Vertical 


Circle above the Horizon to S7rzws as I gueſs it ſtands. 


above the Horizon in Heaven : ThenI keep the Earth. 


in this poſition, and ſet the Semi-Circle of Latitude 


to Cor Leony on the Ecliptick ; and alſo examine the- 


Altitude of that Star on the Semi-Circle of Latitude ;. 
but if it doth not agree with the Alticude of Strizs, 
then was the Altitude of S$:r:us wrong gueſſed at ; 
and therefore I make another gueſs at their Alti- 
tudes, and try again as before, till I make their Alti-- 
tudes agree 3. Andthen looking in the Index of the 
Hour-Circle, I find it point to IX aclock, which is 
the Hour of the Night S7r:us and Cor Leonis are in the: 
fame Almicantar on January 1. | 


PROR;. 
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| PROBE, ALIITL 


The Day of the Month, given, To find the Hour of 
the Night, by the Riſing, Culminating, or Set- 
tang of any Star. | 


Ring the Index of the movable Rundle to the 

Day of the Month, and reQtifie the Horizon and 
Hour Index ; then ſet the Star in its place, andif it be 
juſt Riſing, bring the Eaft ſide the Horizon to it 5 If it 
be'Culminating;bring the Meridian to it ;' If it be Set- 
ting, bring the Welt fide the Horizon toit ; So ſhall 
the Index of the Hour-Circle point to the Hour of the 
Night. | 


Example. For a Riſing Star. | 


January 1 here at London IT fee Sirius Riſing, 
"Therefore I bring the Index of the movab/e Rundle 
to Fan. 1 in the Circle of Months, and re«.'fie the 
Horizon and Hour-Index, as by Prob. 5. Then 7 ſet 
Strtus to its place, as by Prob, 25, and turn the Earth . 
till the Eaſt fide the Horizon :comes to Szrius on the 
Circle of Latitude, and find the Index of the Hour- 
Circle point to V I Hours 3 3 mio, paft Noon, which 
is the time of the Night when Strive Riſes, 


Example, 
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Example. For the C ulminating. 


Having,reCtified the Index of the moyable Rundle, 
the Horizon and Hour-Index, and alſo the Star, as be- 
fore, I bring the Meridian to S:r:us, and then find the 
Index of the Hour-Circle point to XI hours 5 min. 
which is the Time from Noon that S:riu5 Culminates. 


Example. For the Setting. { 


Having reQtified the Index of the movable Rundle, 
the Horizon and Hour-Index, and alſo the Star, as be- 
fore, I bring the Weſt ſide the Horizon to S:rizs, and 
then find the Index of the Hour-Circle. point to ITI 
Hour'z7 min, paſt Midnight; which-is the Time that 
Straus Sets, | 


PROD ALEV. 


The Day of the Month, and Hour of the Night, 
given, To find the Heighth of the Pole by a 
known Star, obſerved Riſing or Setting. 


I Ring the Index of the movable Rundle tothe 
IIDayof the Month, and rectifie the Hour-Index ; 
Then ſet the Star to its place, and turn the Earth till 
the Index points to the Hour of the Nights then 
move the Horizon upwards or downwards, till the Eaſt 
fide the Horizon, if the Star Riſe, or the Weſt ſide 
the Horizon, if the Star Sets, comes to the Star on 
the Semi-Circle of Latitude ; So ſhall the Horizon cut 
N On 
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on the Meridian, the Degree of the Poles Elevation, 


Pxample. 


Here at London, January 1, about aquatter paſt > 
a clock at Night, I ſee Car Leonzs Riſing, I Lin 
thereby know the Elevation of the Pole. Therefore 
I bring the Index of the moxable Rundle to Jar, 1. 
in the Circle of Months, and reRtifie the Hour-Index, 
as by Prob. 5, Thenl bring the Verval Semi-Circle of 
Latitude to the Star Cor Leonts on the Ecliptick, and 
turn.the Earth till the Index of the Hour-Circle points 
to __ paſt VIL at Night ; then I Keep the Earth. 
ſteady. in.this poſition, and move:the Horizon upwards. 
or downwards, till the Eaſtern fide of it. (becauſe Cor 
LeansRifes) ftands juſt under Car-Leanis on the Semi- 
Circle of Latitude ; and examine what Degree: of 
the Meridian the Horizon cuts, and find 5 1= fromthe: 
North Pole 3 Therefore I fay the North Pole is eleva-- 
ted 515 deg. hereat:Londpn. 


PROB. XL V. 
The Age of: the Moon, given, Ta find ber Place in 


the Ecliptick, according to her mean Motion on 
any ginen-Day. T; 


Ring the Indexofthe movable Rundletotlio Day 
of the Month: ;.So fhallthe Moons Age:on-theout- 
moſt verge of the: movable Rundle ſtand'againſ>the 
Sign and gree the Moon isin,. 
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Example. 


March 30, 1664, the Moon is 1 3 dayes old. There- 
fore I bring the Index of the movable Rundle to 
Merch 30. and examine inthe Circle of the Moons 
Age on the outmoſt Verge of the movable Rundle, 
what Degree of the Ecliptick ſtands againſt r 3, and 
find it tobe = 8. which is the Sign and Degree the 
Moon is in that Day at Noon, according to her mean 
motion. | 


To find the Age of the Moon. 


You muſt remember: that the Epa&t begins with 
March, which muſt be here accounted the fir{t Motith 5 
Therefore if you add to the Epact the number of the 
Month current, and the number of the Day of the 
Month current, the Sum or exceſs aboye 30, is the 
Moons Age. 


Example. 


March 30, 16C4. the EpaQtthis Year is 1 2, March 
is the r Month, and the Day of the Month is 30. theſe 
three numbers added together, makes 4.3. out of 
which 30 ſubſtracted, leaves 1 3 forthe Dayes of the 
Moons Ape, March 3o. 1664, 

Theſe Rules may ſometimes fail ſome few Degrees 
of Truth, becauſe they are only made for the mean 
Motion of the Moon ; yet may they ſerve wellenough 
for many common Operations, 


N 2 PROB. 
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PRoB..XE VI. 


The Day of the: Month, and place of the Moon, 

_ given, To find the Time of the 'Moons Riſing 
and Settinz, and the length of a Moon-ſhine 
Night. 


Bs the Index of the movable Rundle to the day 
of the Month, and reQifhe the Horizon and 
Hour-Index, then ſet a mark with Black-lead at the- 
Moons. Place in the Ecliptick, and turn the Earth till. 
the Eaſt fide- the: Horizon comes: to. that mark 3. So 
ſhall the Index of the Hour-Circle point to the Hour 
of the Moons Riſing. Then turn the Earth till. the 
Weſt fide the Horizon comes to the mark 3 So ſhall 
the Index of the Hour-Circle point.to the Hour of the 
Moons Setting, Then ſubſtratt the Hours of the 
Moons Riſing trom 12. and to the remainder add the 
Hours of the Moons Setting ; and the ſum ſhall be. 
the length of Moon-ſhine, 


Example. 


March 30,1664, the Moon is in 8 deg, of =. I would 
know when ſhe Riſes here at London, Therefore 1 
bring the Index of the movable Rundle to March zo; 
and recifie the Horizon and Hour-Index, as by Prob. 
5. Then with a Black-Lead Penfil, I. make a mark at 
. 8deg, of = onthe Ecliptick, to repreſent the Moon. 
Afterwards I turn the Earth till the Eaſt fide-theHo- 
- TIZON Comes to that Mark 3 and looking .in the Hour- 
Cir Cle, 
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Circle, I find the Index. point to one quarter of an 
Hour paſt V inthe Evening, which is. the Time the 
Moon Riſes, | 

To know.when ſhe Sets, I turn the Earth till the: 
Weſt fide the Horizon comes to the Mark made.in the 
Ecliptick to repreſent. the Moon, and.look in the 
Hour-Circle,. and find the Index. point to three quar- 
ters paſt VI, whichis the Time in the Morning the. 
Moon Sets. 

To know how long the Moon will ſhine, Iſubftract 
5. hours x quarter from 12. and the remain is 63. to 
which Iaddgz, which makes 13 hours and a halt for 
the number of Hours the Moon ſhines March 30.1664 
here at London. 

- 
PkoB, XL VIE 


How Eclipſes are demonſtrated. by the Sphere. 


 F ou-muſt know that the Moon moves not conſtant-- 
d '£ ly in the Ecliptick, as the Sun feems to do, for it. 
ſhe did,there would twoEclipſes happen everyMonth;. 
the one of the: Sun, and the other of the Moon, but 
ſhe moves in. a Circle oblique to the Ecliptick about x. 
deg, even asthe Ecliptick 1s oblique to the Equinodti- 
al 23: deg. And as the Ecliptick cuts the Equinoctial. 
only in two oppoſite points, v3, in y and = ; So the - 
Circle of the Moon cuts the Ecliptick only in two op-- 
ſite points, which are called, The Dragons-Head (thus. 
charactered N) and the Dragons-Tazl-(thus characte-- 
red 9) That Point which interſeats the Ecliptick on 
the Eaſtern fide, and proceeds Northwards,. is called 
the Dragons-Head; and the oppoſite Point, .the Dra- 
; N 3 gonss 
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gons-Tarl, Theſe Points conftautly ſhitttheir places, 
and have a Retrograde motion through che Ecliprick 
in almoſt 19 years : And when the Sun and Moon 
meet in or near cither of theſe Points, or oppoſe 
each other inor near theſe Points,an Ecliple happens ; 
If they meet, the Sun is Eclipſed, becauſe the dark 
ſolid Body of the Moon, interpoſes between our ſight 
and the Sun, and fo hides him: If they oppoſe each 
other, the Moon is Eclipſed, for then the dark ſolid 
Body of the Earth, interpoſes between the Sun and the 
Moon, and ſo hinders thelight of the Sun from falling 
upon the Moon, which hath no lightof its own bur 
what it receives from the Sun, _ 

But that you may more plainly ſee the Demonſtra- 
tion of Eclipſes; Take the general Sphere ( fpr 
the particular hath not an Orb for the Moon) and place 
the little round Ball repreſenting the Moon, in ſuch a 
Pointof theEcliptick, as from the little round Ball 
repreſenting the Earth, it may appear directly oppo- 
ſite to the little Golden Ball repreſenting the Sun 5 So 
ſhall the Sun,the Earth and the Moon be all in a traight 
line, and the Moon Eclipſed ; becauſe the Earth lying 
direQly between the Sun and the Moon, keeps the 
light of the Sun off the Moon, and fo becomes a ſha- 
dow to her, which of her ſelf hath no light but what 
ſhe receives fromthe Sun, as was faid before ; - and the 
Moon will continue darkned, till ſhe come out of the 

'Earths ſhadow. 
Again, if you place the Moon in the fame Sphere, 
ſo as | vor the Earth ſhe ſhall appear in the ſame Sign 
and Degree the Sun doth animate, as before, a 
light to comefrom that ſmall gilded Ball repreſenting 
.the Sun in the Center of the Sphere 5 then will you 
ſee a reaſon why the light of the Sun cannot fall upon 
h : the 
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the Earth, vx, becauſe the Moon is interpoſed betwixt 
the Sun and the Earth, and. ſo ſhadows the Earth by 
keeping 'the light of the Sun off it, which to us ap- 

ars. as if the Sun were darkned, though indeed it is 


only the Earth that is deprived of the Suns light by the 


interpolition of the Moan, as aforefaid. 
But becauſe an Eclipfe happens not,as was faid be- 


fore, but when the Sun and Moon ſeems to meet or. 


oppoſe one-another in. or near the Dyagons-Heador 
Taz ; therefore by the following Rule you mult learn 
to find the place of the Dragons-Head and Tail, that 
ſo by the Earths and Moons Progreſs through the Ecli- 
ptick, you may know when the Sun and ſhe will meet 


or oppoſe each other. in or near thoſe Points, and ac-- 


cordingly fore-know an Eclipfe. 


How to find the place of the Dragons-Head: 
and Tail. 


Fhe:Dragens-Head and Tail finifhes a Retrograde: 
pr on mn ptick in'1 8 years 224 days- 
at; in one. year it moves-19.deg, and. 
20.Mi8.in-amonth-1deg, 36 min.and in one day 3 min.. 


and z hours 3 So 


Therefore if for any time paſt or tocome, you know 
the Place of the Dragens-Hezad or Tail, you may add. 
or ſubſtraCt 19 deg. 20 min. for every year, 1 deg. 36 
min. forevery month, and 3 min, for every day, and. 
the Remainder ſhall be the deg, and min. that_the- 
Dragons-Head or Tall is in, 
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Example. 


It is to be ſuppoſed thatI remember the Place ofthe 
Dragons-Head to be 1n iz 12 deg, 20 min, T would 
know the Place of the Dragons-Head tor this preſent 
Day, Auguſt 2, 1664. Since January, 1663. there 
is 1 year, 7 months and 2 dayes paſt : Therefore for 
the year I allow 19 deg. 2o min. for the 5 months 1 
allow 7 deg. and 7 times 36 min. v:z. 4 deg. 12 min, 
more, which makes 11 deg, 12 min. and for the 2 
dayes1 allow 6 min, which, 


I'9---20 
J1i="-I2 


s addedtogether, mak 


zo deg. 38 min, 


which ſubſtracted ( becauſe the Dragons-Head moves 
contrary to the ſucceſſion of Signs ) from ne 12 deg, 
20min. leaves $\. 11 deg. 42 min, for the Place of the 
Dragons-Head Auguſt 2. 1664. The Place of the Dra- 
gons-Tail, as was ſaid before, is the Degree and Mi- 
nute of the Ecliptick oppoſite to that of the Drapgons- 
| Head, which in this Example is x» 11 deg, 42 min. 


PRoOs, 
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PROB, XLVIIL 


To find by the Sphere when an Eclipſe of the Moon 
ſhall happen, 


Very Full Moon would ſuffer an Eclipſe, did ſhe 
E not move in a Circle oppoſite to the Ecliptick,as 
was ſaid in the laſt Probleme 5 but in regard ſhe wan- 
ders without the Ecliptick to the obliquity of 5 deg. 
| ſheis but ſeldom Eclipſed, Now that you may know 
in which Full Moon ſhe ſhall ſuffer an Eclipſe (for ſhe 
is never Eclipſed but at a Full Moon) do thus, Find 
the Suns and Moons Place at. Noon tor the Day pro- 

poſed ; it they be oppoſite, or within xo or 12 deg. 
of oppoſition to each other, a Full Moon happens thar 
Day 3 butif they be not oppoſite, you mult examine 
their Places in the Ecliptick from Time to Time, till 
you find them come to Oppoſition 3 when you have 
found on what Day they will oppoſe each other, and in 
what Degree of the Ecliptick the Oppoſition will 
happen, conſider the diſtance of the Dragons-Head or 
Tail from the Place of the Oppoſition 3 Sc if the D/a- 
gons-Head or Tail be not above 1 2 deg. diſtant from 
the Place of Oppoſition, the-Moon ſhall be Eclipſed. 


Example. 


In July this preſent Year, 1664. Iexamined from 
day to day the Place of the Sun by Prob.q. and Moon 
' byPreb.46, till I found thatonthe 27th day at Noon, 
they wanted bur alittle more than 5 d. to come to Op- 


poſition of each other ; Wherefore I knew that on _ 
O | ay 


=] 
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day an Oppoſition or Full Moon would happen ; I 
found alſo by Preb. 4. as aforeſaid, the Suns Place in 
& 15.and the Moons Place by Preb.46.n => 15, atthe 
time of [Oppoſition : Then Iexamined by the Rule in 
the laſt Probleme , the Place of the Dragons Head, 
and found it in 12 deg. of A, which is within leſs than 
3 deg. of the Place of the Full Moon ; Therefore I 
conclude that Full Moon ſhall be Eclipſed, 

And becauſe I found the Moons Place at Noou to 
be in 9 deg. and her Place at Oppoſition near 15 
deg. which isnear 6 deg. more : Therefore account- 
ting 2 Hours for every Degree of her Motion, I fay 
that near 12 a clock after Noon, v2. 12 a clock at 
Night, this Eclipſe ſhall happen. 


PROM XL Ia. 


To find by the Sphere when an Eclipſe of the Sun. 
ſhall happen. | 


FT He Reafon I ſhewed you in the- begining of 

the laſt Probleme why the Moon is not Eclipſed 
every Full Moon,is the fame why the Sun is not Eclip- 
ſedevery. New Moon 5. But as the Moon is only Eclip- 
ſed in an Oppoſition to the Sun, ſo the Sun is. only 
Eclipſed in a Conjundtion with the Moon, Now to 
know in what Conjunction an Eclipſe of the Sun ſhall 
happen, you muſt exatninethe Latitude of the Moon, 
(as by the next Probleme) at the time of. the Conjundcti- 
on : And it the Latitade exceed the Semi-Diameters. 
of the Sun and Moon, which together are 3.1 deprees,. 
there will be no Eclipſe, 


te. an. 4. 
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The Precopt and Example I gave you in the laft Pro- 
bleme ; for finding what day the Oppaſition falls on, is 
ſufficient to find what Day the Conjungion talk on, 
the Operation being with the one and the other alto- 
gether alike, 


PROB. L. 


The Moons Place, and the Place of the Dragons- 
Head or Tail, given, Ta find the Moons 
Latitude. | 


O refalve this Probleme, you muſt make the Ho. 
rizon repreſent the Circle of the Moons Way. 


' Thus 3 Find the Degree of the Ecliptick that ftands 


equally between the D/agons-Head and Tail, and bring 
one of the Circles of Latitude tothat Degree, Then 
count on the Circle of Latitude 5 deg. upwards; and 
fit the Horizon, ſo as when it interſects the Place 
of the Dragens-Head and Tazl, it may ſtand elevated 
on the Semi-Circle of Latitude 5 deg. Keep the Ho- 
rizo0n in this poſition, and bring the Semi-Cirele of 
Latitude to the Moons Place inthe Ecliptick ; So ſhall 
the Arch of the Semi-Circle of Fatitude, comprehen- 

ded between the Ecliptick and Horizon, be the Arch 

of the Moons Latitude. 


Example. 


uft 21, 1664, the Moons Place is 29. 43, and 
the Place of the Dragons-Headgis &\ 10. 39. I would 
know the Moons Latitude 3 It the Place of the Dra- 
>” gons-Head 
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gons-Head be S\ 10. 39. the Place of the Dragons-Tail 


muſt be = 10. 39. and the Degree of the Ecliptick. 
that ſtands in the middle between them, is m 10. 39. 
Therefore 1 bring the Circle of. Latitude to m x0, 3g. 
and count thereon upwards 5 deg. and. by moving 
the Horizon on the Meridian, and turning it to or 
fro on the Axeltree of the Earth, I fit it fo, that the 
outer edge of it ſhall interſe& &. 10: 39. and xx 10, 39, 
in the Ecliptick, and the fifth Degree of the Circle of 
Latitude all at once : Then keeping the Horizon ted; 

dy in this poſition, I bring the Semi-Circle of Lati- 

tude to the Moons Place in the Ecliptick, v:z. to.»,29. 

43. and counting what Degree of the Semi-Circle of 
Latitude the Horizon then cuts, 1 find 2 deg. 36 min. 

Therefore I ſay the Moons Latitude, A»gsſt 21, 1 664.. 
is 2. deg. 36 Min. . | ; - 


PROD. LE 
Of the Preceſsion of the EquinoCtial, 


; Have already. ſhewed that the Diurnal Motion of 
. the Earthis a turning towards the Sun, till the 
Earth make a Reyolution upon its own Axis, through 
all the Degrees of the Equator : And the Annual Moti- 
on of the Earth is a.turning about the Sun till it hath 
wholly encompaſled it, and in that Motion hath turn- 
ed every Degree of the Equator upor the Axis of 
the Ecliptick towards the Sun at Noon ; whereby it 
appears that the EquinoQal performs 365 Revoluti-. 
ons towards the' Sun in one year ;: beſides . one about 
che Sun in the ſame time, Pl 
But there is-yet another Yearly Motion of 48 Se- 
; | | conds, . 
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conds (according to Mr. Szreet)attributed to the Equi-: 
noCtial, which Dr. Gzbert will have depend upon the 
Earths Magnetick Poles 5 which Motion is not conti- 
guous to the Earth ; but by the Conſequences of his 
Aſfertion,. only inherent to the Magnetick Sphere of 


_ the Earth, 


This Motion 1s called, The Preceſſon of the Equinofti- 
al, and might aptly be repreſented by. the Sphere, in 
caſe it had a movable EquinoCtial, fo fitted, thar ir 
might flide through the fixt EquinoQtial ; for then if 
for every Revolution of the Earth about the Sun, you 
move the movable Equinoctial 48 Seconds backwards 


from the EquinoCtial Colure, contrary to the ſucceſſi- 


on of Degrees, you would find that in an hundred 
Revolutions of the Earth (as aforeſaid) the movable 
EquinoCtial ſhould'be receded 1 deg.2o min. from the 
Equinoctial Colure ; and for two hundred Years, 2 
deg. 40 min, and ſo proportionably the movable Equi- 
noctial would finiſh a Reyolution about the fixt Equi- 
noctial in 27 000 years, . 

This Preceſfion of the Equinox, cauſed the Anti-- 
ents to conceive a Motion in the Starry Heaven; to be 
performed from Weſt to Eaſt upon the Poles of the. 
Ecliptick ; becauſe that by their Obſervations, they 
found the Stars alter their Places from the Equinodtt-- 
al Colure : But ſuch a double Motion is not only im- 
probable, but. impoſſible in Nature, who delights . 
both.in eaſe. and uniformity. 
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PRoB, LI1. 


Of Tides : Ang how by helping of the Sphere, you 
may ingeneral judge of them. 


Tvide the EquinoQtial of the Sphere fromthe in- 
/ terſe&jon of Artes into 30 <qual parts; or which 
1s all one, mark every 1 2 degrees of the Equator with 
1, 2, 3-(0 30, with Red-Iok ; So ſhall thoſe 3o Divi- 
fions repreſent the 30 dayes of the Moons Age. 
Then on the North and South Points of the Com- 
[9 on thequtmolt Verge of the Horizon, write with 
Red-Jnk 123 from the North Eaſtwards 5 wv. at the 
Point North and by Eaft, write 1 1 5. at the next Point 
tathat, the ſame way, v, North North-Eaſt, write 
x25. atthe next, viz, North-Eaſt and by North, wrice 
9. and ſo forward to every Point of the Compals , re- 
bating af the laſt Hour }. till you come to 12 in the 
South, where you muſt begin again to mark that half 
the Horizon alſo inthe ſame order you did the laſt, 
In this Circle is then repreſented the Poipts of the 
Compaſls the Sun and Moon paſleth by every day, and 
the Figures annexed, repreſent the twice 12 Hours of 
the Day and Night. TY 
Having thus prepared the EquinoQtial and Horizon, 
you may by having the Moons age, as by Prob.4.5.and 
the Pointof the Compaſs, on which the Moon maketh 
full Sea at any place given, find at what Hour of Day 
or Night it fra be nigh Tide in the ſame place. Thus, 
. (Itis a known Rule that a North and South Moon 
makes high water at Margaret.) Elevate the Poles of 
the Horizon into the Poles of the EquinoQtial ; that 
IS, 
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I9 


is, flide the Horizon u 


pwards or downwards, till the 
Horizon lie juſt in the 


oinoQial: Then bring the 


North or South Points of the Horizon to the Vernal 


Colure, and countin the Equinodtial the dayes of the 
Moons age numbred in red Figures ; and the Hour 
and Minute on the Horizon that ſtands againſt the 


Moons age (alſo writ in red Figures) is the Hour and. 


Minute of high Tide on that Day.at Margaret. 


P'ROB, L1IL 


To find by the Sphere the Variation of the Nee- 


ale, commonly called, The Variation of the 
Compals. 


Bſerve by a Compaſs, whole wyer is placed juſt- 
under'the Flower de tuce, what Point of the Com-- 
paſs the Sun Rifes or Sets on Morning or Evening : 


'Thenexamine by Pz0b.14. what Degree of the Hori- 
zon the Sun Riſes or Sets on by.the Sphere alſo; and it: 


the Riſing or Setting be the ſame, both on the Sphere 


and Compaſs, there 1s no Variation in your Place, 'But 
if there be difference betweenthe Riſing or Setting by 
the Compaſs and the Sphere, then is there Variatt- 
on in yourPlace. | 

If the Point the Sun Riſes upon in the Compaſs, be 
nearer the North Point, then the Point the Sun Riſes 
upon by the <p the Variation is Weſtwards. 

If the Point the Sun ſets upon in the Compaſs, be 
nearer the North than the Point it Sets upon by the 
Sphere, the Variation is Eaſtwards. 

If the Point the Sun Sets upon in the Compaſs, be 
| further. 
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further frov3 the North Point, than the Point the Sun 
Sets upon by the Sphere, the Variation is Weſtwards, 

It the Point the Sun Riſes upon in the Compaſs, be 
further from the North Point, than the Point the Sun 
Riſes upon by the Sphere, the Variation is Eaſtwards. 
And fo many Degrees as there is between the Point of 
Riſing or Setting found by the Compaſs,and the Point 
of true Riſing or Setting found by the Sphere, ſo ma- 
ny Degrees is the Variation from the North towards 
the Eaſt or Welt Point, 


' Otherwiſe, when the Sun bath Altitude. 


Having the Altitude of the Sun, find by Prob.14. 
its Azimuth : Then examine by a Compaſs whether 
the true Azimuth found by the Sphere, agree with the 
Azimuth found by a Nautical Compaſs ; if they agree, 


- there is no Variation : Butif the Azimuth of the Com- 


paſs before Noon be nearer the North, than the true 
Azimuth found by the Sphere, the Variation is Weſt- 
wards, 

If the Azimuth by the Compaſs Afternoon , be 
nearer the North, the Variation is Eaſtwards. 

If the Azimuth by the Compaſs Afternoon, be fur- 
ther from the North, the Variation is Weftwards. 

If the Azimuth by the Compaſs before Noon, be 
further from the North, the Variation is Eaftwards. 
And this Variation ſhall be as aforeſaid, ſo many 


- Degrees as there is between the Azimuth obſerved by 


the Compaſs, and the true Azimuth obſerved by the 
Sphere, 


Pros. 
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PROB. LIY 


To ereft an Aſtrological Figure of Heaven by the 
Sphere, for any given-Time., 


He twelve Houſes of Heaven are found by a Se- 
mi-Circle of Poſition ; which is a Semi-Circle 
paſling from the two interſections of the Horizon and 
Meridian through any Star, Degree, or Point inthe 
Heavens ; It is made of Braſs, and divided from the 
EquinoQiial both wayes, with 1 0, 20, 30, to go deg. 
having at each end a Pin, which muſt be fitted into 
the two holes of 2 ſtuds fixed in the North and South 
Points of the upper plain of the Horizon,upon which 
Pins it is moved up or down according to the Intent 
of your Operation. 

Four of theſe Houſes are named Cardinals, The 
firſt, and moſt eminent of theſe Cardinals, is the firſt 
Houſe, or the Angle of the Eaſt, called the Aſcendent 5 
where the Semi-Circle of Poſition is the ſame with the 
Eaſtern Semi-Circle of the Horizon, 

The ſecond Cardinal is the tenth Houſe, or the An- 
ele of South 5 called Medium Celi, or Culmen Cel: ; 
where the Semi-Circle of Poſition is the ſame with the 
Semi-Circle of the Meridian above the Horizon. The 
third Cardinal is the ſeventh Houſe, or 'the Angle of 
Weſt ; called the Deſcendent 3 where the Semi-Circle 
of Poſition is the ſame with the Weſtern Semi-Circle of 
the Horizon. 

The Fourth Cardinal is.the fourth Houſe, or Angle 
of North ; called Imum Cz: ; where the —— 
P O 
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| of the' 12 Houſes | 
of HE AVEN, 


&. 


of Poſition is the ſame with the: Semai-Circle of. the 
Meridian under the Horizon. | 
The Degrees and Minutes of the Ecliptick upon 
the Cuſps of theſe four Houſes (that is,, upon the be- 
gining of theſe Houſes }: are found all. at once 5 only 
by bringing the Riſing Degree of the Ecliptick to the | 
Horizon ( tor the Horizon. repreſents the Cuſp of the 
Aſcendent)and then ſhall the Meridian cut the Degree 
of the Ecliptick on the Cuſp of the tenth Houſe, The 
Weſtera Semi-Circle of the Horizon ſhall cut the De- 
gree of the Ecliptick on the Cuſp of the Seventh 


Houſe :. and: the Semi-Circle of. the Meridian under 
the 


_ 
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che Horizon, ſhall cut the Degree of the Ecliptick on 
the Cuſp of the Fourth Houſe. | 

It you have the Day of the Month, you may by 
Prob. 4. find the Suns Place ; and if you have the Hour 
of the Day, you may by rectifying the Sphere, as by 
Prob, 5. and turning the Earth till the Index of the 
Hour-Circle point to the ſame Hour in the Hour-Cir- 
cle, find at the Eaftern Semi-Circle of the Horizon, 
the Degree of the Ecliptick that is Riſing, and by 
conſequence ( as aforeſaid ) all the Cardinal Points in 
their reſpective Places. E | 

Now to find what Degree of the Ecliptick occupies 


the Cuſps of the other eight Houſes of Heaven ; -do 


thus 3 The Sphere rectified, as aforeſaid, move the Se- 
mi-Circle of Poſition upwards till zo degrees of 
the Equator ſhall be contained between it and the 
Eaſtern Semi-Circle of the Horizon 3 ſo ſhall the Semi- 
Circle of Poſition cut in the Ecliptick, the Degree 
and Minute ofthe Ecliptick on the Cuſp of the twelfth 
Houſe ; and its oppoſite Degree and Minute in the 
Ecliptick, ſhall be the Cuſp of the fixth Houſe ( for 

you mult note, that if you have but the Degree and 

Minute of the Ecliptick upon the Cuſps of fix of the 

Houſes, the oppoſite _”_ and Minutes of the 

Ecliptick, ſhall immediately poſſeſsthe Cuſp of every 

oppoſite Houſe.) 

Then movethe Circle of Poſition over zo degrees 
more of the Equinoctial, ſo ſhall the Degree ot the 
Ecliptick cut by rhe Circle of Poſition, be the Degree 
of the Ecliptick upon the Cuſp of the eleyenth Houſe, 
and its oppoſite Degree in the Ecliptick, ſhall be up- 
on the Cuſp of the fifrh Houſe, The Degree of the 
Ecliptick upon the Cuſp of the tenth and fourth Hou-' 
ſes, was found as before. . Then remove the _ 
P 2 O 
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of Poſition to the Weftern fide'of the Meridian, and 
let it fall cowards the Horizon, till 3o degrees of the 
Equator are contained between the Meridian and it, fo 
ſhall the Degree of the Efptick cut by the Semi-Cir- 
cle of Poſition, be the Degree of the Ecliptick on the 
Cuſp of the Ninth Houſe ; and the oppoſite Degree of 
the Ecliptick ſhall be upon the Cuſp of the third Houſe. 
Let th- Semi-Circle of Poſition tall yet lower, till. ir 
paſs over 3o degrees more of the Equator, fo ſhall the 
Degree of the Ecliptick cut by the Semi-Circle of Po- 
ſition, be the Degree of rhe Ecliptick on the Cuſp of 
the eighth Houſe ; and the oppoſite Degree of the 
Ecliptick, ſhall be upon the Cuſp of the ſecond Houſe, 
The Degrees of the Ecliptick on the Cuſp of the Se- 
venth Houſe and Aſcendent, were found as before, 


Example. 


I would ere&t a Figure of Heaven for July 27, 5 
hours o min. Afternoon, r6F 8. in the Latitude of Lon- 
den, viz. 5 1: degrees North Latitude. 

I firſt place the Planets, N, and7y on the Sphere, as 
by Prob.,24.was directed : yet not exaCtly as I find them 
inthe Ephemerzs, for that ſhews only their place in the 
Ecliptick at Noon : Therefore I conſider how many 
degrees or minutes each Planets motion is in a whole 
Day, or 24 Hours, by ſubſtracting the Ecliptical de- 
orees and minutes of: the Planets Place that Day ar 
Noon, from the Ecliptical degrees and minutes of the 
Planets Place the next Day at. Noon : (or contrarily it 
the Planet be Retrograde ). for the remains of thoſe 
degrees and minutes, is the motion of the Planer that 
Day ; Therefore proportionably to that motion, I 
place the Planet forward in. the Ecliptick {( or _ 

waTſG. 
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ward if. it be Retrograde) As if the Sun ſhould move 
forward 1 degree; that is,. 60 minutes in a whole Day, 
or 24 Hours, then in x 2 Hours he ſhould move zo min, 
in 6 hours 15 min, in 4 hours 10 min.in 1 hour 2= min. 
and fo proportionably for any other ſpace of Time 
_— I conſider before I place the Planets on the 
Sphere, 

Fm thus placed the Planets on the Sphere, I 
Elevate the North Pole 515 deg, above the Horizon, 
and find the Suns Place by Prob.4. to bein &\ 14, deg. 
9 min 3 Therefore I bring the Meridian to $\ r 4 deg. 
9 min, on the Ecliptick, and the Index of the Hour- 
Circle to XII; Then I turn the Earth till. the Index 
point to 5 Hours Afternoon, and examine what De- 
gree of the Ecliptick is at the Aſcendent or Horizon, 
and find 7 27. 47, to which Sign, Degree and Minute 
I 27.47. is oppoſite 5 and therefore,as aforeſaid, upon 
the Cuſp of the Seventh Houſe, lifting up the Circle 
of Poſition till it paſs over 3o deg, of the Equator from 
the Horizon upwards, I find 2 7.5. cut by itin the Ecli- 
ptick, which is the Sign, Degree and Minute upon 
che Cuſp of the twelfth Houſe, and its oppoſite Sign, 
Degree and Minute, is x 7, 5. which is upon the Cuſp- 
of the ſixth Houſe : Then lifting up the Circle of Po-- 
ſition again, till it paſs over. 3o degrees more of the 
Equinoctial, I find cut-by the Circle of Poſition m 21.. 
18. which is the Sign; Degree and Minute upon the 
Cuſp of the eleventh Houſe; and its oppoſite Sign, 
Degree and Minute is-s 21,18. which is upon the : 
Cuſp of the fifch Houſe : m 3. 20. is at the Meridian, | 
which is the Cuſp of the tenth Houſe; and. the _ 
Degree and Minute oppoſite toit, is & 3, 20. which is 
on the Cuſp of the fourth Houſe. Then taking the 
Semi-Circle of Poſition off its Poles, I place it on the 
F 4 Weſt. 
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Weſt ſide the Meridian, and let it fall towards the Ho- 
rizon, till it paſs over 30 deg. of the Equator from the 
Meridian, aud find the Circle of Poſition cut the Ecli- 
ptickin= 1.9, which is the Sign, Degree and Minute 
on the:Cuſp of the ninth Houſe ; oppolite to =: x, 9, is 
Y 1,9, therefore y 1. 9. is upon the Cuſp of the third 
Houſe: Letting the Circle of Poſition fall yet lower 
till it paſſes over 3o degrees more of the Equator, I 
find it cut the Ecliptick in 9.6. 47. which is the Sign 
Degree and Minute upon the Cuſp of the eighth 
Houſe ; andits oppoſite Sign Degree and Minute is 
=: 6. 47. which is upon the Cuſp of the fecond Houſe. 
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So have you a Figure of the Face of Heaven ; which 
if you have fature uſe for, you may ſet down the ſeve- 
ral CharaQers in the proper places of a Figure,as they 
are ſet down in this Scheme, 


ProB, LV. 
To find the length of a Planetary Hour, 


A $trologers divide the Artificial Day (be it long or 

ſhort) into 12 equal parts, and the Night into- 

1 2 equal parts : Theſe parts they call Planetary Hours. 

The firſt of theſe Planetary Hours takes its Denomina- 
tion from the Planetary Day ; and the reſt are named 
orderly from that Planets, according to the ſucceſſion. 
of the Planetary Orbs : As it it be Munday, that is, 
the Moons day, the Planet reigning the firft Hour, 
ſhall be »; the Planet ruling the ſecond Hour, ſhall be- 
h 3 the third Planetary Hour ſhall be y, ; the fourth @,. 
the fifth o,the ſixth g,the ſeventh 5: Then begin again 
with »for the eight Planetary Hour , h for the ninth, 
and ſo through the whole Day and Night, till the Sun: 
Riſe again the next Day. 

Thelengrth of this Planetary Hour is found by the: 
Sphere 5 thus : The Sphere rectified, Bring the Eaſt. 
fide the Horizon to the Sun, and make a prick at that. 
degree of the Equator which the Horizon then cuts : 
Then bring the Meridian to the Sun, and count the- 
number of degtees of the Equator comprehended be- 
tween thatPrick and the Degree the Horizon is now. 
at 3 and divide that number of Degrees and Minutes 
by 6. ( becauſe there is 6 Planetary Hours paſt fince- 
Noon) and the Quotient ſhall ſhew. the number of. 
| Degrees 
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Degrees and Minutes that paſs through the Meridian 
in one Planetary Hour, 


Example. 


July 27. 1658, I would Know the length of the 
Planetary Hour here at London ; 1 Rectifie the Sphere, 
and bring the Eaſt fide the Horizon to the Sun, and 
find x15 degrees of the Equator at the Horizon ; 
at this 115 deg. I make a prick, Then I turn the 
Meridian to-the Sun, and find the Horizon thenat 220 
deg. of the Equator 3 Therefore I either count the 
number of Degrees between the Pricks and the De- 
oree of the Equator the Horizon is at, orelſe ſubſtract 
the leſſer from the greater 3 but both wayes I find the 
Meridian (or Horizon) paſs through 111 degree of the 
Equator in fix Planetary Hours : Therefore dividing 
111 deg. by 6. I find the Meridian paſs through 18 
deg. 3o min, of the Equator in one Planetary Hour : 
which 18 deg. 30min, reduced into Time, yeelds 72 
min. by accounting tor every x 5 deg, one Hour, for 
1 deg, 4 min, and for half a degree 2 min. of Time, 
and fo proportionably ; So that the length of a Plane- 
tary Hour, July 27,is 1 common Hour and 14 minutes 
here at London. | 


d_— 


Book H, and Crcography. ; 


I13 


Pros, LVYVI, 


The length of a Planetary Hour known, To find 
What Planet reigneth any given-Hour of the 
Day, or Night. 


THe Sphere rectified, as in the laſt Probleme, tarn 

1 aboutthe Earth till the Index of the Hour-Cir- 
cle points to the Hour of the Day in the Hour-Circle. 
Then count the number of degrees comprehended 
between the Degree of the Equator the Horizon is at 
and the Prick in the Equator made as in the laſt Pro- 
bleme, and redice that number of Degrees into mi- 
nutes of Time, by reckoning 4 minutes of Time for 
every Degree ofthe Equator: Reduce alſo the number 
of Degrees and Minutes of the Equator the Meridian 
paſſes through in one Planetary Hour into Minutes of 
Time by allowing ( as aforeſaid) 4 minutes forevery 
Degree 3 and then divide the firſtnumber by the ſe- 
cond, and the Quotient ſhall be the number of Plane- 
tary Hours fince Sun Rifing, Having the number of 
Planetary Hours fince Sun Rifing, Reckon the firſt 
Planetary Hour by the name of that Planet that bears 
the denomination of the Day ; the ſecond Planetary 
Hour by the Planet ſucceeding that in order ; the third 
by the next in order, and ſo for all the reſt, till you 
come to the laft Planet. viz, » 3 and then begin again 
with h, and ſoto y, &c. till you have reckoned ſo ma- 
ny Planets as there are Planetary Hours fince Morn- 
ing : and that Planet the number ends on, ſhall bethe 
Planet Reigning that Planetary Hour, 
Q Example, 
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Example. 


July 27.1658. aforeſaid, I would know what Pla- 
net Rules at 5 a clock paſt Noon': The length of the 
Planefary Hour this Day ( found by the laſt Probleme ) 
is 1 hour 14 mip, Therefore (the Sphere reQified ) I 
bring the Index of the Hour-Circle tothe Hour of the 
Day, viz. V a clock in the Hour-Circle, and then 
count the number of Degrees between the Prick 
made, as by the laſt Prgþ/eme, and the degree of the 

Equator the Horizon is at, and find them 187, which 
I reduce into minutes, by allowing for every degree 
4 minutes; and that gives 748 minutes, This 748 
minutes I divide by the minutes contained in one Pla- 
netary Hour this Day, v:z. by 72. and find 10 hours 
$ min. which ſhews there are 10 Planetary Hours and 
8 min, paſt and gon ſince Sun Riſing, Therefore & 
being the Planer after whoſe name the Day is called, 
viz. Die Martis 5 & is as aforeſaid the Ruler of the 
firſt Planetary Hour : From him I count the Planer 
ſucceeding, which is © for the ſecond Hour ; from ©. 
I count the Planet ſucceeding 3 which is 2 for the third 
Hour, and ſoontoyandy, And then I begin the 
Round again with h, 2, &, and ©, till I come again to 
2, which 1s the tenth Planetary Hour fince Sun Rifing :. 
and the Minutes remaining being 8, ſhews that there 
15 $ minutes paſt ſince ſhe began to reign. 


Ig 
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To find Part of Fortune by the Sphere, 


between the Suns Place, and the Moons Place, 
begining at the Suns Place,and counting according to 
the ſucceſſion of Signs till you come to the Moons 
Place: and having found that number of degrees and 
minutes, add them to the number of degrees and mi- 
nures Aſcending, reckoned from the fir} Point of +. 
If the ſum exceed 360. caſt away 360, and the remain- 
der ſhall be the number of Degrees and Minutes from 
the firſt Point in , in which Part of Fortune falls. But 
if it do not exceed 360, you have already the number 
of degrees and minutes from the firſt point of + in 
which you muſt place Part of Fortune, 


Com che number of Degrees 'and Minutes 


Example. 


I would find the Place of Part of Fortune for the 
time of our Figure : I ſeek the two pricks repreſent- 
ing o and), andfindoindA 14.9. andDinm 19.44. 
therefore counting from the Suns Place to the Moons 
Place according to the ſucceſſion of Signs, 1 find 9 
degrees 3 5 minutes contained between them : This 95 
deg. 35 min. I add to 267 deg. 47 min. the degree and 
minute contained between the firſt point of yy, and the 
Aſcendent; and they make together 363 deg.22 min. 
This exceeds 3 60, therefore 1 caft away 360. bd the 
remains are 3 deg.22 min.for the Place in the Ecliptick 
of Part of Fortune, reckoned from the firſt Point of 1. 


Qc'2 There- _ 
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Therefore this Chareter © which repreſents Part of 
Fortune, 1et in its proper place of. the Figure, as I did 
the Planets.. ; 


PROA L Y3iT. 


To find in What Circle of Poſition any Star, or 
any Degree of the Ecliptick 2s. 


"NlIrcles of Poſition-are numbred from the Horizon 
upwards upon the. Vertical Circle placed at the 
Eaft or Weſt point of the Horizon. Therefore when 
you would find what Circle of Poſition any-Star or 
Degree of the Ecliptick is in, ReCtifie the Sphere and 
Vertical Circle, and' bring the Vertical” Circle to the 
Eaſt or Weſt Point of the Horizon, and lift up the Cir- 
cle of Poſition till it come to the Star on the Circle of 
Longitude ſet to its place, as by Prob. 24.0rto the De- 
| gree of the Ecliptick propoſed ; and the number of, 
egrees the Circle of Poſition then cuts on the Verti. 
cal Circle, is the number of the Circle of Poſition 
that the Star or Degree of the Ecliptick is in. If the 
Star or Degree of the Ecliptick be under the Horizon, 
Turn the Earth till the Meridian paſs through 1 80 deg. 
of the Equator. And ifiit be a Star you enquire after, 
- make ſhittwith the other Circle of Longitude ; thus , 
Set it tothe oppoſite Degree of the Ecliptick, and 
make a prick on it at the degree and minute irhath in 
the firſt Circle of Longlhens : but in contrary La- 
ritude,As if irbeon the South fide in the firſt Circle of 
Longitude, . it muſt be on the North fide on the other 
Circle of Longitude ; then will the prick which re- 
preſents the Star, , or the. Degree of the Ecliptick, be 
; : | above: 
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above the Horizon : Lift up then the Circle of Poſiti- 
on (as before) to that prick or degree of the Ecliptick, 
and the number of degrees the Circle of Poſition cuts 
the Vertical Circle at on the Eaſt fide, is the number 
. of Circles of Poſition the Star was under the Horizon 


on the Weſt fide 3 Or ſo many Degrees as the Circle of 


Poſition cuts the Vertical Circle at on the Weſt. fide 


the Horizon, is the number of the Circles of Poſition - 
the Star or Degree of the Ecliptick was. under the- 


Horizon on the Eaſt fide, _ 
PrEOK. £1 6 
Flow to Dire& a Figure by the Sphere. 


T O Dire& aFigure isto examine how many De- 


grees of the Equinoctial the Earth moved Eaſt- 
wards or Weſtwards, while any. Planet or Star in one 
Houſe comes -to the Cuſp or: any other point of any. 
other Houſe. 

When you-would Direc any Promittor to any Hyle- 
gracel point, Examine the Degree of the Equator the 
Meridian is at 3 then turn the Earth till the Promuttor 
come to the Hylegracal Point, and examine. again the 


Degree of the Equator the Meridian isat 3 and by ſub- - 
ſtracting the lefler from the greater, you.will have the - 
number of Degrees that the Meridian paſſed through : 
whilſt the place of- the Promttor was brought to the - 


Hylegtacal: point : and that number. of Degrees ſhall 


be.the Arch of Direction, . 


Wu 


Qz Exangle. 
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' refion; and ſignifie in Time as aforeſaid, 
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| Example, 


I would Dire@ the Body of the Moon in our Figure 
aforeſaid to Medium Cezlt, or the tenth Houſe : I tind 
by the Sphere the Meridian at 203 deg, 30 min, of the 
Equator with the tenth Houſe, and turning the Earth 
till the Meridian come to the prick made to _ 


* the Moon, I find the Meridian come to 227 deg. 20 


min, of the Equator : "Therefore I ſubſtract the leſ- 
ſer from th2 greater, wiz, 203 deg. 3o min. from 227 
deg. 20 min. and have remaining 23 deg. 5o min, 

This 2 3 deg.5o min.ſhews that 23 Years 10 Months, 
muſt expireerethe Effects promiſed by the Moons pre- 
ſent Poſition, ſhall operate upon the fignification ot the 
tenth Houſe. 

If the Body of the Moon had been Directed toany 
other Point than the Meridian or Horizon, you muſt 
have elevated the Circle of Poſition to the Point pro- 
poſed ; and have under-propped it to that Elevation, 
and then have turned about the Earth till the Circle of 
Poſition had cometo the prick repreſenting the Moon, 
and then the Degrees of the Equator the Meridian 
ſhould have waſled through whulft this Motion was 
making, ſhould be the number of Degrees of Di- 


s Wwe bu PW pup, w 
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PRoB L X. 


Of Revolutions : and how they are found by 
the Sphere, | 


TY Y Revolution is meant the Annual. Converſion of . 
the Sunto the ſame place he was in at the Radix 
of any Buſineſs, When you would find a Revolution 
by rhe Sphere, Firſt find the Right Aſcention of Mid- 
Heaven at the Radix of the Buſineſs, as by Prob. 7. 
you were directed to find the Right Aſcenſion of the 
Sun 3 and to it add $7 degrees for every Year fince the 
Radix : 'Then ſubſtract 360 ſo oft as you can from the 
whole, and the Remains ſhall be the Right Aſcenſion 
of Mid-Heaven for the Annual Reyolution. 

If you count the number of Degrees of the Equa- 
tor contained between the Right Aſcenſion of the- 
Mid-Heaven, and the Right Aſcenſion of the Sun,and. 
convert that number of Degrees into Time, by allow- 
ing for every 15,deg..1 Hour of Time, it will ſhew, if 
the Suns Place be on the Weſtern ſide of the Meridian, 
the number of Hours and Minutes Afternoon the Re- 
volution ſhall happen on ;- but if on the Eaſt fide the- 
Meridian, the number of Hours and Minutes before: 
Noon the Revolution ſhall happen on. 


P'ROB.. 
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PEO AL 


How a Figure of Heaven may bt ereted by the Re- 
volution thus found, | 


Eek the Degree of Right Aſcenſion of Mid-Hea- 
Sg ven, and.bring the Meridian to it ; So fhall the 
four Cardinal Points of the Sphere be the ſame with 
the four Cardinal Points in Heaven at the time of the 
Revolutiov. The other Houſes are found by the Cir- 
cle of. Poſition : .as in Prob. 54, 


PROR LAI. 
To make an Equinoctial D al in any Latitude. 


(0) F Dyal:Planes, and how they may.be known ; 

As alſo how to find the Meridian Line on any 
Plain, 'I have already written in the fe of the Globes, 
Book 5. before the Problemes 5 whither, to avoid repeti- 
tion, Lrefer you, 

Diſcribe a Circle on a ſquare Board or Plane, as 
BCDE, and through A the Center thereof draw a 
{traight Line parallel ro one of the fades,as BE; Croſs 
that (traight Line with another ſtraight Line, as C D 
at Right Angles; ſo ſhall the Circle be divided into 
four equal parts : Divide eachotf theſe four equal parts 
into godeg, as in the Figure, This Circle ſhall repre- 
ſent the Horizon. | 

' Erect a Wyer exactly perpendicular on the Center of 
the 
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the Plane ; and that Wyer ſhall be the Gnomor or S:yle 
of the Dyal. | | 
Then elevate the Pole of the Earth into the Zenith, 
and bring the Meridian to the Equinoctial Colure ; 
And becauſe the Meridian of all places on Earth, in 
every hours Time paſſes through 1 5 deg, ofthe Equa- 
' tor, therefore turn the Earth till the Meridian paſles 


through 1 5 deg. of the Equator on the Sphere ; So 


ſhall 1 5 deg, of the Horizon paſs through the Colure 
alfo. Therefore from the Center of your Plane draw 
ſtraight Lines through x 5 deg. from one of the Semi- 
diameters both wayes ; and thoſe ſtraightlines ſhall be 
two Hour-lines : Then turn the Earth till the Meridi- 
an paſs through 1 5 deg. more of the Equator ; and 
you will find, as before, x 5 deg. more of the Horizon 
paſs through the Colure : Therefore on your Plane 
number 1 5 deg. further beyond both the former lines, 
and from the Center draw ſtraight lines through both 
thoſe 15 deg. and they ſhall be rwo Hour-lines more : 
For all the other Hour-lines, in like manner, Turn the 
Earth till the Meridian pafs through 1 5 degrees of the 
Equator at a time, as before, and you will find that for 
every 1 5 deg. of the Equator which the Meridian paſ- 
ſes through 1 5 deg, of the Horizon will paſs through 
the Colure alſo : Therefore thoſe Hour-lines muſt - 
drawn from the Center according to the ſucceſſion of 
every Is degrees on your Plane, Having drawn the 


Hour-lines, you may ſet figures to them, begining to; 


number your Hour-lines from one of the Diameters, 
marking it with XII, and the next Hour-line to the 
lefthand with I, and the next II, the next III, &c, to 
X11, and begin again with I, 11,III, 8c. till you come 
to the other XII, where you began : and then your 
Dyal is finiſhed. See the Figure, 

R This 


This is an Univerſal Dyal; and fferves in all. Lati-- 
tudes : Therefore when you. place it, you mull {et one. 
of the X1I* downwards, and the Axis parrallel to the. 
Axis of the World._ : | 

But note, Both'facesof this Dyal ought to be divi-- 
ded, aud the Gnomen muſt appear on both. ſides like . 
the ſtickin a —_ which Children uſe; orellſe 

upſide 


you muſt turn it down fo oft as. the Sun paſ-- 
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| To make an Horizontal Dyal. 


Iſcribe a Circle on your Plane, as CBDE, and 
D chrough the Center A of that Circle draw a Me- 
ridian or twelve a clock line, as BE ; croſs that live at 
right Angles with another line, as C D 3 fo ſhall your 
Circle be divided into four equal parts : Divide each 
of theſe four parts into go deg, ſo ſhall the whole 
be divided into 360. Theſe 36odeg. repreſent the 
360 deg. of the Horizon, which with the Earth paſs 
through the Solſticial Colure once in every 24 Hours. 
This Motion of the Horizon through the Colure is re- 
gular in a parallel Horizon, for in equal Time it moves - 

qual ſpace fromthe Colure (as was ſhewed in the laft 
 Probleme) viz, x 5 deg, of the Hotizon will paſs through 
the Coture, and 15 deg. of the Equator in ene Hours 
Time : But in an oblique Horizon the Motion of the 
Horizon is irregular, and that more or leſs according 
co the obliquity of the Horizon ; For far Northwards 
or Southwards, you may ſee 40, 50, yea 6o deg. of the 
Horizon paſs through the Colure in one Hours Time, 
viz. whilſt the Horizon paſſes through 1 5 deg. of the 
Equator : Burt in another Hours Time you will ſcarce 
have 4 or 5 deg. paſs through the Colure whilſt the 
Horizon tnoves through 1 5 deg. of the Equator. 

But that you may know the number of Horizontal 
Degrees that paſs through the Colure in one Hours 
time inall Laticudes, do thus ; Elevate the Horizon 
co the Elevation it hath in your Place, and bring the 
Meridian tothe Solfticial Coluce, and the Index of the 

R 2 Hour- 
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Hour-Circle to XII on the Hour-Circle : Then turn 
the Earth Eaſtwards till the Meridian paſs through 1 5 
deg. of the EquinoQial ; So ſhall the Colure cut the 
number of degrees and minutes on the Horizon that 
you muſt place the 1 and x 1 a clock tines on the Plane 
from the 12 aclock line. 

Then turn the Earth again Eaſtwards till the Meri- 
dian paſs through 15 deg, more of the Equinoctial , 
So ſhall the Colure cut the number of degrees and mi- 
nutes onthe Horizon that you muſt place the 2 and 10 
a clock lines on the Plane from the x 2 a clock lines. 

Thus for finding the Places of all the other Hous- 
lines to 6, Morning and _— you muſt turn the 
Earth ſtill Eaſtwards till the Meridian paſs through xx 
deg. ſucceſſively for every ſucceſſive Hour ; So ſhall 
the Colure cut the number of degrees and minutes on 
the Horizon that you myſt place the reſpeQive Hour- 

lines on your Plane on either fide the 12 a clock line. 

For finding the Hour-lines before 6 in the Morn- 
ing and after 6 inthe Evening ( becauſethe longeft 
day contains more than x 2 hours in all Places-that have 
Latitude from the Equator) you need but lay the edge 
of a Raler (that islong enough to reach through the 
whole Plane) by the fide of the Morning 7 a clock 
line, and ſo prolong that line through the Center and 
other fide of the Plane, and that prolongation ſhall 
be the Evening 7 a clock line: The ſame tor the eight 
or nine a clock line, &c. if che longeſt Day be 1o-long 

in your Place :. And the ſame for the Morning 5.4, or 
3 aclock, &c. 

Theſe Hour-lines muſt be markt from the-Meridi- 
anor 12 a clock line A B towards D, with I, 11,1, 
&c, till you have numbred to the Hour of Sun-Ser 
found by Prob. 16, the longeſt Day, and from. the _ 

ridian 
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ridian line towards C, with XI, X, IX, &c, till you 


have numbred to the Sun-Riſing the longeſt Day. 
The Stile muſt be placed in the Center of the Plane, 

and elevated fo many Degrees above the Plane, as the 

Pole is elevated above the Horizon of your Place, 


Example of the whole. 


' I would make an Horizontal Dyal for Londons Lati- 
tude : Therefore Ielevate the North fide of the Ho- 
rizon 5 15 deg. and bring the Meridian to the Sollfticial 
Colure, and the Index of the Hour-Circle to XII on 
the Hour-Circle ; 


and turning /1\ 2 clock; or till [12.40 
the Eart 2 the Merid. aſs 24.15 from the Meri- 
Eaſtwards, | 3 re gr to 139, 4\dian, or South: 
cill the In- res een point of the: 


dex points | 5 | aj Colure cut the [77+ 6 | Horizon. 
to 6 /) Horizon in 90, 
Theſe are the diſtances of the 6 Hour-lines before- 
and after Noon : and to theſe diſtances on the Plane, 
( counting from B towards D on. the right hand, and 
from B towards C on the left hand ) 1 make pricks 3 
and from the Center I draw lines through theſe pricks, 
and theſe lines are the Hour-linesfrom XII to VI at- 
ter Noon, and (counted backwards) from XII to VL 
before Noon, But the Sun in the longeſt Day ſhines 
till. paſt VIII at Night, - as you may find by Prob.16. 
therefore here wants the two Evening and the two 
Morning Hour-lines 3 which though they may be 
found after the ſame way I found the former ( v:z, by 
R 3  _con- 
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continuing the turning of the Earth'Eaftwards) yer that 
I may the ſooner reduce my work to the Plane I count 
the number of degrees between the V I a clock line 
and the V aclock line in the Circle on the Plane ; for 
the ſame number of degrees counted from D towards 
E, and from C towards E, is the diftance of the VII 
 aclock Hour-line from the VI a clock Hour-line in 
the Evening, and fromthe VI aclock line, tothe V a 
clock line in the Morning : And the .numberof de- 
grees contained between the VI a clock Hour-line and 
the LV a clock Hour-line, is the number of degrees 
contained between the VIH a clock Hour-line from 
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the VI a clock Hour-line in the Evening,and from the 
VIa clock line to the IV a clock line in the Morning. 
Or laying the edge of a Ruler, as I faid before ( that 
will reach through the oppoſite fide of the Plane ) on 
the Morning V1I and V1II a clock Hour-lines, I may 
by the fideof that Ruler, draw lines from the Center 
through the oppoſite fide of the Plane, and thoſe lines 
ſhall be the VI1E-and-VIIL a clock Hour-lines after. 
Noon. 

And laying the edge of a Ruler on the Everfing V ' 
and IV a clock Hour-lines, I may by the fide of the 
Ruler, draw lines from the Center through the oppo- 
fite fide of.the Plane.; and thofe lines ſhall be the - 
Morning V and IV a clock-Hour-lines, 

If you will have the half Hour-lines placed on your 
Dyal, you muſt turn the Earthcill the Index points to 
every half. Hour..in the-Hour-Circle; as well. as to the - 
whole, and 'examine the degrees of the Horizon cut” 
by the Solſticial Colure, as you did for the whole 
Hours ; and in like manner transfer them to your 
Plane. | 
Having thus drawn all the Hour-lines,. I count from: 
the Noon line 5.15 deg, ( the elevation of the Pole 
here at Londen;) and from the Center A I draw a 
frraight line, as AF _— theſe 51= dep. for 
the Gnomor or Style, and prolong it- to- the Ertheft 


extent of the Plane : From this Grzomon or Style I let 
fall a Perpendicular upon the Noon line,as F G : - (this 
Perpendicular is called the Sabftzle) and this Perpen- - 
dicular and its Baſe (which isthe Noon line) and Hy- - 
pothenuſa (which is the Gzomon) ſhall make a Triangle, - 
which being erected _ the Baſe, ſo as the Subſtile - 
may ſtand Perpendic 


to the Plane, the Hypothenu- 


fa: 


+ 
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ſa A F ſhall be the Gzomon, and be parallel to the Axis - 
of the World, andcaſt a ſhadow upon the Hour of 
the Day. | 


PzxoB. L XIV. 
To make an Ere&t Direft South Dyal. 


Raw on your Plane an Horizontal line,as C AD: 
in the middle of this line (as at A) diſcribe as on 
a Center the Semi-Circle C B D : from the Ceater A 
ler fall a Perpendicular, which ſhall divide the Semi- 
Circle into two Quadrants, each of which Quadrants 
you muſt divide into go deg, Then Elevate the Ho- 
rizon to the Elevation it hath in your Place, and bring 
the Meridian to the Solfticial Colure, and the Index 
of the Hour-Circle to the Hour of XII in the Hour- 
Circle 3 So ſhall the Sphere be reftified, Then bring 
the Vertical Circle to the Eaſt point of the Horizon, 
and turn the Earth Eaftwards till the Index points to all 
the Hours after Noon ; and examine in what number . 
of degrees from the Zenith the Colure cuts the Ver- 
tical Circle when the Index points to each Hour, for a 
line drawn from the Center A through the ſame num- 
ber of "degrees reckoned from the Perpendicular A B 
(which is the XII a clock I Don the Plane, 
ſhall be the ſame Hour-lines the Index points at. 
Thos in our Latitude, v:z. 515 deg. the Vernal Co- 
lure being brought to the Meridian, and the Index 
of the Hoor-Circle to X11, | 


» *»# 
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W (1 you turn (1) a clock, or till 9.18 
the Earth Eaft- | 2 | the — 19.15] counted 
wards, till the / z \ *hrough x5 deg. ) 2 5\ fromthe 


. of the Equator 4 
Index points 4 the Colurs will 48, © Zenith. 
to J | cut the Vertical |67. 4 
6] Circle in 90 


And theſe are the diftances of the Afternoon Hour- 
lines 3 which you muſt transferto the Eaſt fide of your 
Plane, viz. from B towards D ; and draw lines from 
the Center A through theſe diſtances ; and theſe lines 
ſhall be your Afternoon Hour-lines. 

Note (once for all) when that Circle you examine 
the Hour-diſtances in goes off the Colure, . the Sun 
will ſhine no longer upon that Plane: As in this Exam- 
ple,the Vertical Circle goes off the Colure at 6 a clock; 
therefore the Sun will not ſhine longer than till 6 a 
clock upon this Plane. 

The Hour-lines before Noon have the ſame diſtance 
from the Meridian that the Afternoon Hour-lines 
have, as was ſhewed in the laſt Probleme ; Only they 
muſt be counted from B towards C, and drawn on the 
Weſt fide the Noon line. 


Otherwiſe. 


You may reduce all Verticals into Horizontals ; it 
you Elevate the Horizon to the Complement of the 
Latitude of your Place, and bring the Meridian to 
the Solfticial Colure under the Horizon, and the In- 
dex of the Hour-Circle to XII, and turn the Earth 
Eaftwards ; for as the Index paſſes through every 
Hour on the Hour-Circle, the Colure ſhews in the 
Horizon the diſtance of the ſeveral Afternoon _ 

d ines 
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lives from the Meridian or XIT a clock line; in the 
Circle on your Plane, numbred from B toD3 and 
lines drawn from. the Center through theſe diſtances 
on your Plane, ſhall be the Afternoon Hour-lines of 
your Dyal; As you may try by working as you were 
directed in the laſt Probleme. 


Example. 

Londons Latitude is 515 deg. its Complement'to go, 
is 382. Therefore I elevate the Horizon 3 5; degrees 
above the Equinodctial, and bring the Meridian to the 
Solfticial Colure under the Horizon, and the Index of 
the Hour-Circle to XII on the Hour-Circle. Then 
Turning the /2\ aclock, or till the { 9,18} fromthe inter- 
Earth Eaſt- | , | Meridian paſs Hap 5 ſection of the 
wards, till ) . |through i5 deg.of | 32. 5 Meridian and 
the Index of * }the Equator, I; * _* the Horizon ; 
the Hour- find the Colure | #*- © | as in the for- 


Circle points | 5 | cut the Horizon | 07+ © | mer Table. 
to Gin 90. 


oo us 


| 
| 


W 
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| 
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And theſe are the diſtances of the 6 Hour-lines 
fromthe Meridian, 


By 


tt. ys 
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By this Example you may ſee that it is eafie to re- 
duce Verticals iato Horizontals , and Horizontals in- 
to Verticals : for this Erect Dire&t South Dyalis an 


Horizontal Dyal to thoſe People that Inhabite go deg, 


from us, v:F. in the South Latitude of z 8: degrees. 
Then make a Triangle, whereof the Noon line 
ſhall be Baſe : from/ir count the Complement of the 
Poles Elevation, vx, 385 deg. and through them draw 
che line A F fromthe Ceater A, which ſhall be Hypo- 
tenuſa ; Then let fall a Perpendicular upon the Noon 
line A B, ſo is your Triangle made. if chis Triangle 
be erected Perpendicularly upon the Baſe or Noon 
line, the Hypotens/a A F ſhall ftand parallel tothe Ax- 
is of the World, andcaſt a ſhadow upon the Hour of 


the Day. 
PROB, L, XV. 


To make an Ereft Dire North Dyal. 


F the Ere& Dire South Dyal were turned towards 
I the North 5 and the line C A D were turned down- 
wards, and the line marked with + benow marked 
with 5, and theline 8 with 4, the line 5 withz, and 
the line 4 with 8, then have you of it a North Ere&t 
Direct Dyal. 

All the other Hour-lines in this Dyal are uſeleſs, be- 
cauſe the Sun in our Latitude ſhines on a North Face 
the longeſt Day only before 6 in the Morning, and af- 


 ter6atNight. 


DO 2 PROB, 
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PROB, L XVI. 
To make an Ereft Dire8 Baſt Dyal. 


Rovide a ſquare Board, as AB CD, draw the 
Rraightline e f upon it Parallelto the fides A.C, 
and BD, andjuft in the middle between them : Croſs 
this ſtraight line at Right Angles with another ſtraight 
line, as g h, quite through the Board. | 
Upon this Board with a little Pitch or Wax faſten 
the Semi-Circle of Poſition, ſo as both the Poles there- 
of may lie in the line gh, and the middle of the Semi- 
Circle marked oo may lye upon the line ef, ſo fhall z 
be the Center of the Semi-Circle of Poſition : In this 
Center make a ſmall hole through the Board fit to re- 
ceive a Wyeror a Nail, So may you with this Circle 
of Pofition.thus fitted, and the fide C D applyed to a 
line of Contingence-elevated to the Height of the E- 
quinoctial, draw lines from the Center through every 
x 5 deg, of the Circle of Poſition, and by continuing 
chem interſect the line of Contingence in the points 
from whence the Hour-lines of an Eaft or Weſt Dyal 
5 to be drawn, | 
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-  Twould make an EreRt Direct Eaſt Dyalfor Londens 

Latitude, Therefore: I faſten a Plumb-line alittle 


above the place on the Wall where I intend to make 
my Dyal,and waittill it hangs quietly before the Wall :. 
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rhen if the line be rab'd with Chalk (like a Carpen- 
rers line) I may by holding the Plumbet end cloſe ro 
the Wall, and ftraihing ir pretty ſtiff, ſtrike with it a 
ſtraight line, as Carpetiters do. This line ſhall bea 


Perpendicular asB F : I chuſe a convenient point in. 


this Perpendicular, as at G, for a Center ; whereon I 


$4 deſcribe 


"— 


— 
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deſcribe an occult Arch as HI : this Arch muſt contain 
the number of Degrees of the Elevation of the Equi- 
noKial counted between H and I ( which in our Lati- 
is 385) Thereforein a Quadrant of the ſame Radius 
with the occulc Arch I meaſure 3 85 deg. and fetthem 
off inthe Plane from H in the Perpendicular to 1 : 
Then from Ito the Center Gin the Perpendicular, I 
draw the prick line 1 G, and this line ſhall repreſent the 
Axis of the World: I croſs this Axis at Right Angles 
with the line G K, and draw it from G to K, fo long as 
I poſlibly can: this line ſhall be the Contingent-line, 
1 find a convenient place in this Contingeat tine as ar 
VI, to which 1 apply the fide of the Board CeD, fo 
as that the point e may ly juſt upon VIin the Con- 
tingentline ; And having athred taſtned in the Cen- 
ter of the Semi-Circle of Palition, I draw that thred 
ſtraight over the firſt « y deg. ofthe Circle of Poſition, 
numbred from o towards h, and where the thred cuts 
the Contingent line, I make a mark, for that mark 
ſhall be the mark for the 7 a clock line. From thence 
I remove thethred to zodeg, of the Semi-Circle, and 
draw i through the Contingent line, and where it cuts 
the Contingent line, there ſhall be the mark for the 
8 aclock line. Fromthence I remove thethred to 
45 deg. of the Semi-Circie, and draw it through the 
Contingent line, and where it cuts the: Contingent 
line, there ſhall be the mark forthe 9 a clock line. 
From thence in like manner I remove the thred to 60. 
and 75. and wherethe thred cuts the Contingent line, 
ſhall be the mark for ro and x 1 a clock lines : The 12 
aclock line cannot be drawn on this Plane, as you may 
ſees if you apply the thred to go deg. for though you 


dhould draw it out never fo far, yet would itnever 


touch 
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touch the Contingent line, becauſe it is Parallel to the 
line gb, and lines Parallel never meer, 


But becauſe in our Latitude the Sun Riſes before 4 


in the Morning,therefore two Hour-lines are yet want- 
ing, vi, 5 and 4, which I may find either by applying 
the thred firſt to15, and nextto ze deg. from oto- 
wards g inthe Semi-Circle, and ſo marking where ir 
cuts the Contingent line, as before : Or elſe by tranſ- 


ferring the diſtance of the ſame number of Hour lines - 


from the 6 a clock line already drawn on the fide e h,to 
the fide eg, as in Prob. 62, of this Book is' more fully 
ſhewed. | | 

Having thus marked out on the Contingent line the: 
diſtances of each Hour; I draw a line Parallel to the 
Contingent line, and draw lines from every Hour 
markt on the Contingent to croſs the Contingent line 
at Right Angles, and continue each line tothe line 


Parallel:to the Contingent ; and theſe lines ſhall be the- 


Hour-lines of an Eaſt Plane. To theſe Hour-lines IL 
ſet Figures, as in the Scheam may be ſeen. 


The Style D K of thisDyal: ( as well as of others ): 


muſt ſtand Parallel to the Axis of the World :. it muſt 
be alſo Parallel to all the Hour-lines, and Rand direc-: 
ly over the 6a clock line. and that ſo high as is the di- 


ſtance between the Center of the Semi-Circle of Poſi-- 


tion, and the Point where the 6 a clock line cuts the 

Contingent live : Or (which is all one) at ſuch a height. 
as when it is laid flat down upon the Plane, it may juſt 
reach the 9 a clock Hour-line, 


_ T” 
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PROB, LXVIL 
To make an Ereft Dire& Weſt Dyal. 


N Ere& Dire& Weſt Dyal is the ſame in all re- 
. ſpeRts withan Ere& Dire Eaft Dyal ; Only as 
the Eaſt ſhews the Forenoon Hours, the Weſt ſhews 
the Afternoon Hours, 

Thus if you ſhould draw the Eaſt Dyal on any tranſ- 
parent Plane, as on Glaſs, Horn, or an Oyled Paper, 
on the one fide will appear an Eaſt Dyal, and on the 
other fide a Weſt, Only the Figures, as was ſaid be- 
fore (nwft be changed) for that which in the Eaſt Dy- 
al is 11, in the Weſt muſt bex : that which in the 

Eaſt Dyalis 10, in the Weſt muſt be 2 : that which in 
the Eaſt Dyalis 9, in the Weſt muſt be 3, &c. 


PROB. L XVIII. 
To make a Polar Dyal. 


Olar Dyals are Horizontal Dyals under the Equi- 
noCtial: They are of the ſame kind with Eaſt and 

Weſt Dyals ; Only whereas Eaft and Weſt Dyals have 
butthe Hour lines of half the longeſt Day deſcribed 
on them, theſe have all the Hour-lines of the whole 
Day ; and are marked on both fides the Noon line : 
2s in the following Figure. 
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_ Blas tyle of this Dyal muſt ſtand over the Noon 
line, Parallel to the-Plane ; tor then it will alſo be Pa- 
rallel ro the Axis of the World : and its height above 


—_ 


46 


| VOL > > «lib» i - 3 | 207. one: 


oy IST TIOR 


ARS” 
Wa A 4 - 


Ls ——__ 


the Plane muſt be the diſtance between the Center 7 of 
the Semi-Circle, and the point in the Contingent line 
cut by the Noon line, But I have inſerted the Figure, 
which alone is ſufficient InftruQtions, 


PRrosB.. | BY 4 Þ © 


To make Ereft North Dyals, declining Eaſtwards, 
or Weſtwards. | 


| op on your Plane an Horizontal line, and-o n 
it deſcribe a Semi-Circle, as you were taught in 
Prob. 26. | 

Then rectifie the Sphere and Hour-Index , as by 
Prob.z. And bring the Meridian to the Solſticial Co- 
lure, and one of the Vertical Circles to the Degree of 
Declination from the North point on the Horizon, = 
T the 


” 
o& 


— _ 
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the other Vertical Circle to the oppoſite Degree of . 
the Horizon for then the Vertical Circles ſhall repre- 
fent a Plane declining from the North Eaſtwards, or 
Weſtwards accordingly, Then turn the Sphere Weſt- 
wards, till the Index of the Hour-Circle points to all 
the Hours before Noon, and examine in what number 
of Degrees from the Zenith the Colure cuts the Ver- 
tical Circle, when the Index points to each Hour ; For 
a line drawn from the Center A through the ſame 
number of Degrees reckoned from the Perpendicular 
A B, which is the XII aclock line towards C on the 
Plane, ſhall be the ſame Hour-lines the Index 
points at, 

* The Afternoon Hour-lines are found by bringing 
the Meridian again to the Colure, .and turning the 
Earth Eaftwards till ſo much of the Vertical Circle as 
is above the Horizon goes off the Colure ; for then as 
the Index of the Hour-Circle points to the Afternoon 
Hours, the Colure ſhall on the Vertical Circle ſhew ar 
what number of Degrees. on your Plane , each re- 
ſpective Hour-line muſt ſtand. 


Example. 


T would make an Erect Dyal, declining from the 
North towards. the Eaft 63 deg. The Horizon and 
Hour-Index reGified, as before, I bring the Meridian 
to the Solfticial Colure, and one Vertical Circle to 6s 3 
degrees counted from the North Eaftwards, and the 
other Vertical Circle to 63 deg. counted from the 
South Weſtwards,, Then 


FT 
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I turn the / 11 CORNER or rill 9, #) 
Earth Welſt- IO por] "Rn I9. © 
wards , till | 4 _, deg: of the - gt counted from 
UAror g , f 6 
the Index 7 | hnd the Colure 45.56 the Zenith, 
points to | g| ar = Vertical | 60, x 5 
5 Circle in 29.45 


And theſe are the diſtances of the Forenoon Hour. 
lines, which I ſeek in the Weſt fide of the Plane, wx. 
from B towards C ; and through theſe diſtances I draw 
lines from the Center,and theſe lines ſhall-be the Fore-. 
noon Hour-lines, 

For finding the Afternoon Hour-lines, I bring the 
Meridian again to the Colure, -and then 


, paſs thromgh 1 . of the E. 

—_— all | 2 \ to anion 111 Gnd the 
points 3 | Colure cut the Vertical Circle | NG 

_ 


turn the Earth ſ I ] a clock, or till the meridian 11.20 \ counted 
4 in 


And theſe are the diſtances of the Afternoon Hour- 
lines 3 which diſtances I ſeek in the Eaſt fide of the 
Plane, viz, from B towards D (as before) and fo draw- 
ing lines trom the Center A through theſe diſtances, I 
have all the Afternoon Hour-lines alſo drawn on my 
Plane. Pl 

You may note, that this Plane is capable to receive 
no more Hour-lines after Noon than tour ; for when 
the Colure goes off the Vertical Circle above the flori- 
zon,the Sun goes off theſe kind of Planes. 

Totheſe Hour-lines I ſet their numbers,as you may 
ſee in the Figure. - 

- Then to Rad both the diſtances of the S ubſiilar line 
from the XII a clock line, and the Eleyation of the 
| pe Style 
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Style above the Plane : Keep the Vertical Circles ſtill 
in their Poſition, and bring the number of Degrees of 
the Planes Declination, counted in the Horizon from 
che South point towards the Eaſt point, ſo ſhall the 

Vertical Circle and the Colure cut each other at right 
Angles ; and the number of Degrees comprehended 

between the Colure and the Zenith in the Vertical 
Circle, ſhall be the number of Degrees between the 
Subſitlar line and the XII a clock line, which in this 
Example is 19 deg. 45 mio, And the number of de- 
grees comprehended between the Vertical Circle and 
the Pole, counted in the Colure, ſhall be the number 
of degrees that the Syle is to be elevated above the 
Plane; which in this Example is 33 deg. 40. min, 
Wherefore for the diſtance of the Sub/tylar line from 
the XII a clock line, 1. count in the Circle from the 
X11 aclock line in the contrary fide of the Plane, wiz. 
in the Weſt fide ( becauſe the Plane declines towards 
the Eaſt) 19 deg. 45 min, as at D, and through that 
number of degrees and minutes from the Center A, I 
draw the line A G, which ſhall be the Subſtlar line : 

And from the Subſtylar line (either way) Fnumber 3 3 

deg.40 min.the Elevation of the&zyle above the Plane, 

and through thoſe degrees and minutes I draw from 

the Center A, theline AF for the Szyle or Gnomon 3 

Then I let fall the Perpendicular F G upon the $ ubſtyle 
A G :-Sois there a Triangle made which it it be erect- 
ed Perpendicularly upon the Szbſ/y/e A G, the Style 


. AF ſhall be parallel to the Axis of the World, and 


caſt a ſhadow upon the Hour of the Day. 


Here you may ſee that in Declining Dyals, the Sy/e 
doth not ſtand at the fame Elevation above the Plane 
that it doth in Erect Direct. Dyals ; neither doth-it 
ftand over the 12 aclock line. but ſwerves from it to- - 
wards the Quarter of Declination. 


PROB. LL MN X. 


To make a South Ereft Dyal, declining Baſtwards, 
or Weſtwards. 


Sin Prob,sF5. an Erect Dire North Dyal hath 

the ſame Delineation that an Erect Dire-t South 

Dyal hath, and differs only 1n the placing the Figures 
of the Hour-lines ; So a South Erect Dyal that Declines 
Eaſtwards, or Weſtwards, differs from a North Erect . 
Dyal that Declines Eaſtwards,or Weſtwards, the fame 
number of Degrees, only in placing the Hour-lines 
at the fame diſtance on the contrary fide of the Plane, 
and by tranſpoſing the Figures of 11 for r 3 10 for 2 3 
9 for 3, &c, & 3. +. = _ 
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Thus, If you draw upon Glaſs, Horn, or an Oyled 
Paper, the North Dyal declining Eaſtwards, as in the 
foregoing Probleme, and place itto its due ſcituation, 
the back-ſide of it ſhall be a South Dyal declining to- 
wards. the Weſt ſo many Degrees as the foreſfide de- 
clines towards the Eaſt ; and che only difference in it, 
will be the Figures of the Hour-lines 5 as was ſaid 
| betore, 


Pao LAST 


To make Dire#t Reclining, or Inclining Dyals, 


Ire Reclining or Inclining Dyals,are the ſame 
D with Erect Dire& Dyals that are made for the 
Latitude of ſome other Places : The Latitude of 
which Places are either more than the Latitude of 
your own Place, if the Plane Recline, orlefs if the 
Plane Incline 5 and that in ſuch a proportion as the 
Arch of Reclination or Inclination of your Plane is. 

Thus a Direct South Dyal Reclining ro degrees in 
Londons Latitude, viz, 515 degrees, is an Erect Direct 
Dyal made for the Latitude of 615 degrees: And a 
Direct South Þyal Inclining 10 degrees in the Lati- 
tude 515 degrees, is an Erect Dire& Dyal in the Lati- 
tude of 41: degrees : andis to be made according to 
the Directions in Prob, 64. 
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PRoB, L XXII, 
To make Declining Reclining Dyals. 


Or the making of Dyals on Reclining or In- 
clining PJanes, you muſt provide a Gnomonical 
Semi-Circle , which is a Semi-Circle equal to half 
the EquinoGtial, and divided into 9o degrees 
from the middle of it either way, with 10, 20, 30, to 
go, This Gnomonical Semi-Circle is ſo to be placed 
on the Sphere, as that it may lie in that great Circle of 
Heaven wherein your Inclining or Reclining Plane 
lies 3 for then, as it doth by the motion of the Earth 
paſs through the Solfticial Colure, the Solſticial Co- 
lure ſhall on it cut the number of degrees that the ſe- 
veral Hour-lines muſt be drawn through on a Semi- 
Circle of Degrees, 


Example. 


Here at London I would make a Dyal on aPlane,De- 
clining from the South Eaſtwards 3 o degrees, and Re- 
clining from the Zenith 20 degrees ; - Londens Lati- 
tude 15 51: deg. Therefore having deſcribed on a 
Plane a Semi-Circle, as aforeſaid, I rectifie the Hori- 
zon and Hour-Index, as by Preb.s. and bring the Ver- 
rical Circle to 3o degrees of the Horizon from the: 
North Weſtwards, and the Gnomenical Semi-Circle g 
20 degrees on the Vertical Circle counted from the 
Zenith ; yetſo as one end of the Semi-Circle may lie 
on 3odegrees from the Eaft Northwards, and the 
other end on zo degrees fromthe Weſt Southwards 5 

no x IG 
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So ſhall the Sun in the Sphere(when the Sphere is recti- 
fied as by Prob. 5.) aſpect the Plane of the Gnomonical 
Semi-Circle, even as the Sun in Heaven doth a Plane 
Declining and Reclining as aforeſaid. 

Having thus poſited the Gnomonical Semi-Circle, 1 
find 11 deg. 10 min, comprehended between the Ver- 
tical Circle and the Meridian on the Gnomonical Semi- 


Circle, which thews that the twelve a clock line mult 


ſtand 11 deg. 10 min. from the perpendicular line on 
the Dyal Plane, viz. from Browards C : Then 1 bring 
the Meridian to the Solfticial Colure, and to know the 
Forenoon Hour-lines 


I turn the | xo | Meridian pals | 18 56 | from the 


Earth Welt- 9 through 15 deg, of 22,37 | middle of 


{ II } aclock, er till the / 15. 8 counted 
the Equator, and 


vards till \ 8 3 gnd the Colurecur \ 26.52 / the Gno- 

the Index 7 | the Gnomonical Se- | 32.37 | monical 

points to 6 | mi-Criclein 42. 5 | Semi-Cir- 
\ 5 62,43 ) cle- 


And theſe are the diſtances of the Forenoon Hour- 
lines 3 to which diftances you may ſet Pricks on the 
Weſt ſide the Semi-Circle of the Plane, v:z. trom 
B to C. 

The Afternoon Hour-lines are found by bringing 
the Colure again to the Meridian, for then 


| dian paſs through 15 from the 


Earth Eaſt- 


turning i | x \ a clock,or till the Meri- / 5. 45 = 


| deg. of the Equator, middle of 


wards till\ 2 } x God the Colure cax { 2+ $4 ; theGnomo- 
the Index | 3 | che Gnomonical Semi- | 20.52 | nical Se- 
points to 4 / Circle in, 64.36 / mi-Circle. 


And theſe are the diſtances of the Afcernoon Hour- 
lines, and muſt all but the x a clock Hoar-line be 
prickt 


od 
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| rick down at their reſpective diſtances on the Eaſt 
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I the Plane, v:z, from Bro D : But becauſe the mid- 


dle of the Gnomonzcal Semi-Circle comes not to the 
Colure before the Meridian paſſes through the firſt 1 5 
degrees of the Equator ; theretore the i a clock muſt 
ſtand ſo many degrees from the middle of the Semi- 
Circle on your Plane, as it wants of the middle of the 
Gnomonical Sern-Circle 3 which in this Example is 
5 degrees 45 minutes on the Weſt fide of the 
Plane : And for this cauſe I made a diſtinction with a 
line between the x a clock andthe 2 a clock tn the 
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foregoing Table, Then I draw lines from the Center 
A through every one of theſe pricks in the Semi-Cir- 
cle, andthey ſhall be the Hour-lines of this Declining 
. Reclining Plane. 
Having drawn the Hour-lines, I bring the other 
Vertical Circle tothe Degree of the Planes Declina- 
tion, v7. to 3o degrees trom the South Eaſtwards ; 
but I let the Gnomontcal Semi-Circl® ſtand as it did ; 
And turning about the Earth till the Degrees of Re- 
clination, viz, 20 degrees counted from the Horizon 
upwards come to the Solfticial Colure, I find 18 deg. 
| V 40 
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40. min of the Gnomontcal Semi-Circle contained be. 
tween the firſt Vertical Circle and the Colure, which 
is the Giſtance of the Szbſtile from the Perpendicular ; 
And I alſo find 1 3 deg. 49 min. on the Colure contain- 
ed between the Gnomonzcal Semi-Circle and the Pole, 
whichis the Heighth that the Szyle mult be raiſed over 
the Subſiile 5 Therefore I prick off in the Semi-Circle 
on the Plane the diſtance of the Szbſtyle 1 8 deg. 40 
min. from the Perpendicular Weſtwards, becauſe the 
Plane declines Eaftwards , and from the Center A, I 
draw through that prick the line AE, which ſhall be 
the Subſtyle, and from this Subftyle ( either way ) I 
count in the Semi-Circle on the Plane 1 3 deg. 49 min, 
and there make a Prick ; Then from the Center A 
I draw through that Prick the line AF, to repreſent 
the Sty/e or Gnomon : Then I let fall the Perpendicular 
FG upon the Suſtzle AG; Sois a Triangle made ; 
which if it be erected Perpendicularly upon the Szb- 
ftyle AG, the Style AF ſhall be Paralle}to the Axis of 
che World, and caſt a ſhadow upon the Hour of the 
Day. | 
Havin g made this Dyal, you have made four ſeveral 
Dyals, whereof this-is one : And his oppoſite, wit. 
North declining Weſtwards 3o degrees, Inclining to 
the Horizon 70 - Bains is another. The South declin- 
ing Weſftwards 3o degrees, Reclining from the Zenith 
20 _— is another : And its oppoſite, viz, North 
Decinling Eaftwards 3o degrees, Inclining to the Ho- 
rizon 70 degrees, is the other. ET 


PRxOB, 


Sedan edt ax accom dt. — 
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PROB, L XXIII. 
To make a Dyal upon a Declining Inclining 


lane, 


He Precepts for making theſe Dyals,are delivered 
. in the foregoing Probleme: Therefore we ſhall 

at firſt come to an Example, | 
I would make a Dyal upon a Plane in Londons Lati- 
tude Declining from the South Weſtwards 25 degrees, 
and Inclining towards the Horizon by the ſpace of an 
Arch containing 14 degrees. Having firſt defcribed 
on the Plane a Semi-Circle, as was directed Prob. 64. 
I rectifie the Horizon-and Hour-Index, as by Prob, 5. 
and bring the Vertical Circle to the degree of the 
Planes Declination, 7. to 2 5 degrees counted from 
the South Weſtwards, and the middle of the Gnome- 
nical Semi-Circle to the degree of the Planes Inclina- 
tion towards the Horizon fromthe Zenith, v7. to 25 
degrees on the Vertical Circle counted from the Ze- 
nith, and the ends of the Gnomonical Semi-Circle to 
the degrees of Azimuth in the Horizon between 
which the Plane lies, w:z, to 25 degrees counted from 
che Eaft Southwards, and 25 degrees counted from 

the Weſt Northwards. | 

Then counting the number of degrees on the Gno- 
monical Semi-Circle contained between the Vertical 
Circle and the Meridian, 1find 5 degrees 3o minutes ; 
Therefore I number in the Semi-Circle deſcribed on 
the Plane 5 degrees zo minutes from the Perpendicu- 
lar Weſtwards, vi. from Bro C, and there place the 
V 2 ; I2 
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12 aclock line. For finding all the Forenoon Hour- 
diſtances, I bring the Meridian to the Solfticial Co- 
lure, | 


and turn the IT ol clock, or till the Me- 20, 5 counted 
Earth Welt. ſ | ridian paſs chrough 15 P from the 
wards till 72 \ 4cg- of the Equaror, / 3 0.57 \middle of 


and find the Colure » 4 [the Gnomo- 
- the Index | 9 cut the Gnomonical 7 6.24 [ai Semi- 


points to Semi-Circle in 76.31 )Circle. 
And thefe are the diſtances of all the Forenoon 
Hour-lines ; to which ſeveral diftances I make pricks 
on the Weſt fide the Semi-Circle on the Plane, v:z, 
from Bro C. | 
The Afternoon Hour-lines are found by bringing 


the Meridian again to the Colure; For then 


a clock; or till {6. 20 


| T\ 
| turning the | 2 | the Merid. paſs | 18, 2 | counted from 


_ | 3 | through 15 deg. [28.45 | the middle of 
= go” 4 \of the Equator, 39.56 \ the Grnomoni- 
Wards, El | - | Ifind the Colure | 52.30 | cal Semi-Cir- 


the Index bs cut the Gnomon;- | 67.19 | cle. 
points to \- ) cal Semi-Cirele in \$4,13 


And theſe are the diſtances of the Afternoon Hour- 
lines, which I alſo prick down at their reſpective di- 
ſtances from the Perpendicular Eaftwards, v3. from 
B towards D on the Plane; and by drawing lines 
from the Center A through all the Pricks, & have all 
the Hour-lines that this Plane will admit of. 

Having drawn the Hour-lines, I bring the other 
Vertical Circle to the Degree of the Planes Declinati- 
on, Viz, to 25 degrees of the Horizon from the North 
Eaſtwards, and countthereon 14. degrees (the Planes 

| Inclination. 


tw 
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Inclination towards the Horizon ) from the Horizon 
upwards ( but 1 keep .the Gnomonical Semi-Circle in 
its former poſition) Then 1 bring theſe 14 degrees to 
the Solſticial Colure, and find 24 deg. 3 min.'of the 
Gnomonical Semi-Circle contained between the Verti- 


cal Circle and the Colure for the diſtance of the Sub- 


ſtile, and 48 deg. 5 min, ( the diſtance of the Gnome- 
nical Semi-Circle from the Pole on the Meridian ) for 
the diſtance of the Szyle from the Subſtyle ; Therefore 
I make a Prick on the Plane at 24 deg. z min, and 
through that Prick draw the line A G for the Subſtyle. 
Ar 48 deg, 5 min, diſtance from the Swb/tyle I make 
another Prick, and _— it draw the line A F for 
the diſtance of the Style from the Sabftyle 3 Then I 
let fall the Perpendicular F G upon the Subſtyle A G 3 
So is there a Triangle made; whichif itbe erected 
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Perpendicularly upon the Sub/?yle A G, the Style A E 
ſhall be parallel to the Axis of the World, and caſt a 
ſhadow upon the Hour of the Day, | 
Having made this Dyal, you have alſo four Dyals 

V 3 | made 5. 
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a Dyal to that Plane. 


made 3 as well as in the former Probleme : For this is 
one ; and its oppoſite, viz. North Declining Eaftwards 
25 degrees , Reclining 76 degrees is another ; The 
South Declining Eaftwards 25 degrees, Inclining x4 
degrees is another 3 and its oppoſite, vi, North De- 
clining Weſtwards 25 degrees, Reclining 76 degrees 
is another, 


PROB. L XXIV. 


To find m what Place of the Barth any- manner of 
Plane that in your Habitation is not Horizontal, 
ſhall be Horizontal. 


Onſider in what great Circle of Heaven your 
} Plane lies, for the Poles of that Circle are the 


 Polesof your Plane,64. 


Example. 


1. If your Plane lie in the Horizon, the Zenith is . 
its Pole, and by turning the Probleme, the Plane ſhall 
there become EreR, as by Prob.64. ps 

2, If yourPlane be EreQ North or South, then ic 


lies in the Eaft and Weſt Azimuth ; and the contrary. 


quarter of the Horizon, v:z, the South Point if your 
Habitation be in North Latitude, or the North point 
it your Habitation be in South Latitude ſhall be its 
Pole ; So that an Horizontat Dyal made to the Latt- 
tude on the Meridian thus cut by the Horizon, ſhall be 


git 


_—_— ——_ 
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IF 


3. It your Plane be Erect Eaſt or Weſt, then itlies 
in the Plane of the Meridian, and the Eaſt and Weſt 
points of the Horizon ſhall be its Poles : And becauſe 
the Eaſt and Weſt points of the Horizon lye alwayes 
inthe Equinodctial, as by turning about the Earth you 
may perceive , Therefore an Ere&t Eaſt or Weſt 
Plane, ſhall in the Equinoctial be an Horizontal 
Plane. | 

4, If, your Plane be EreQ, and Decline Eaſt or 
Welt, it lies not then in the Eaſt and Weſt Azimuth, 
but wants ſo much of that Azimuth as the Plane wants 
of the Eaſt or Weſt point, Thus a Plane here at Lon- 
don Declining from the North 6 3 degrees towards the 
Eaſt, wants 27 degrees of the Eaſtern Azimuth, and 
conſequently 27 degrees of Weſtern Azimuth ; And 


therefore its Poles muſt lie in 27 degrees from the 


South point of the Horizon Eaſtwards ; as demon- 
ſtratively will appear if you ſet the Vertical Circles fo 
as to repreſent this Plane, Having thus conſidered in 
what Point of the Horizon the Poles of this Plane 
lies, Bring that point ( vz4. 27 from the South Eaft- 
wards) on the Horizon to the Solfticial Colure, and 


with Black-lead make a mark: thereat on the Colure.,. 


_ thenexamine the Latitude of that mark ( as by Prob. 


26 you find the Declination of a Star ) and you will 
findit 33 deg. 40 min. South 3. In which Latitude an: 
Ere& North Dyal Declining 6 3 degrees towards the * 
' Faſt here at London, ſhall: become an Horizontal: 


Dyal. 


clination: 


ſhall lie at 9o degrees diſtance from the point of Re- 


e 


e If your Plane bea Declining Recliner or Incli-- 
ner, then muſt it be repreſented by the Gnomonical 
Semi-Circle, as was ſhewed Prob.72. And its Poles. 


m_— 
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clination or Inclination on that Azimuth which cuts 


the middle of the Plane, | 


Example. 


Ifhere at London your Plane Decline from the South 
Eaſtwards 3o degrees, and Recline from the Zenith 
20 degrees, Then ſhall the middle of your Plane lie 
in 30 degrees of Azimuth, 


Pao L2XKv. 


To make a Dyal on the Ceeling of a Room, where the 
Dire&t Beams of the Sun never come. 


Ind ſome convenient place in the Tranſum of a 
F Window to place a ſmall round piece of Look- 
ing-Glaſs about the bigneſs of a Groar, or leſs, ſoas 
it may lie exaQtly Horizontal : The point in the mid- 
dle of this Glaſs we will mark A, and for diſtinction 
fake call it Nodus : Through this Nodus you muſt 
draw a Meridian line on the Floar, thus ; Hang a 
Plumb-line in the Window exactly over Nodus, and 
the ſhadow that that plumb-line cafts on-the Floar juſt 
at Noon will be a Meridian line : Having drawn 


the Meridian line on the Floar, find a Meridian line 


on the Ceeling, thus: Hold a plumb-line to the Cee- 
ling, over that endof the Meridian line next the Win- 
dow , It the Plumbet hang not exactly on the Meridt- 
an line on the Floar, remove your hand on the Cee- 
ling one way or other as you ſee cauſe, till ic do hang 
quietly 


Book II. and Cicography. 

quietly juſt over it : and at the point where the plumb- 
line touches the Ceeling make a mark, as at B ; that 
mark B'ſhall be dire&ly over the Meridian line on the 
Floar : then remove your plumb-line to the other end 
of the Meridian line on the Floar, and find a point on 
the Ceeling directly over it, as you did the former 
point, as at C, and through thoſe two points B and C 
on the Ceeling, ſtrain and ftrike a black line with 
Small-Cole or any other Colour(as Carpenters do) and 
that line B C on the Ceeling ſhall be a Meridian line, as 
well as that on the Floar. Then examine the Meri- 
dional Altitude of the Equinodtial, as by Prob. 8. you 


did the Meridian Altitude of the Sun ; and faſten a 


ſtring juſt on the Nedzs, and remove that ſtring in the 
Meridian line on the Ceeling, till it have the ſame E- 
levation in a Quadrant that the Equinoctial hath in 
your Habitation ; and through the point where the 
ſtring touches the Meridian line in the Ceeling, ſhall a 
line be drawnat right Angles with the Meridian, to re- 
preſent the EquinoCtial line. Thus in our Latitude 


the Elevation of the Equator being 3 8= degrees, Ire- 


move the ſtring faſtned to the Nodes forwards. or 
backwards in the Meridian line of the Ceeling, till 
the plumb-line of a Quadrant (when one of the ſides 
are applyed to a firing) falls upon 385 degrees ; and 
then I find it touch the Meridian line at D in the Cee- 
ling: therefore at D I make a mark, and through this 
mark ftrike the line DE ( as before I did the Meridian 
line) to cutthe Meridian line at Right Angles: This 
line ſhall be the Equinoctial line, 


Then T place the Center of the Semi-Circle of Po- _ 


fition upon the Nedus, and under-prop it ſo that the 
flat fide of it may lie parallel to the ſtring when it is 
ſtrained between the Nodus and the EquinoGtial, _ 

X alſo 


\ 
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alſo ſo-85 the ſtring may lic on the diviſion of the Semi- 
Circle marked o when it is held up to the Meridian 
line in the Ceeling : Then removing the ſtring the 
ſpace of 15 degrees inthe Circle of Paſition to the . 
Eaftwards, and extending it to the Equator on the 
Ceeling, where the ſtring touches the Equator, there 
ſhall be a point through which the 1 aclock Hour-line 
ſhall be drawn : and removing the ſtring yet 1 5 deg. 
further to the Eaſtwards in the Semi-Circle of Pofiti- 
on, and extending it alſo to the Equator where ic 
rouches the Equator, there ſhall be a point through 
which the 2 a clock Hour-line ſhall be drawn. Re- 
moving the ftring yet x 5 degrees further to the Eaſt- 
wards in the Semi-Circle of Poſition, and extendin 
it tothe Equator, there ſhall be a poiat through which 
the 3 a clock Hour-line ſhall be drawn. The like for 
all the other Afternoon Hour-lines ; fo oft as the ſtring 
is removed through 1 5 deg. on the Semi-Circle of Po- 
fition, ſo oftſhallir point out the Afternoon diſtances 
in the Meridian line on the Ceeling, 

The ſcituation of the Semi-Circle of Poſition can- 


not conveniently be fhewn in this Figure, unleſs it be 


drawn by the Rules of Perſpective 5 Neither if ic- 
were, would it {uit with the other demonſtrations, ex- 
cept they were drawn by the ſarhe Rules alſo. 

Having thus found 'out the Points in the Equator, 
through which the Afternoon Hour-lines are to be 
drawn, I may find the Forenoon Hour-diftances alſo 
the ſame way, vx, by n—_— the ſiring to the ſeve- 


ral 5 degrees on the Weſt fide the Semi-Circle of Po- 


fition, orelſe I need only meafure the diſtances of 
each Hour-diſtance found in the Equator from the 
Meridian line on the Ceeling ; for the fame number of 
Hours from 12, have the |S diſtance in — 
| n 
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noctial line on the other fide the Meridian both before 
and afrer Noon. The 11 a clock Hour-diſtance 
is the ſame from the Meridian line with the i clock 
diftance on the other fide the Meridian : the io a clock 
diſtance the ſame with the 2 a clock diſtance : the 9g 
with the 3, &c. And thus the diſtances of all the Hour- 
lines are found out on the Equator, 

Now if the Center of this Dyal lay within doors,you 
might draw lines from the Center through the pricks 
in the Equator, and thoſe lines ſhould be the Hour- 
lines, as in other Dyals : But the Center of this Dyal 
lies without Doors in the Air, and therefore not con- 
venient for this purpoſe : So that tor drawing the Hour- 


p—_ 
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lines, you muſt confider what Angle every Hour-line 
in an Horizontal Dyal makes with the Meridian ;. that 
is, at what diſtance in degrees and minutes the Hour-. 
lines of an Horizontal Dyal cut the Meridian ; which 
you may examine as by Prob.63. for an Angle equal 
ro the Complement of the ſame Angle, muſt each re-: 
ſpective Hour-line make with. the Equator on the 
Ceeling. | 

Thus upon the point markt for each Hour-diſtance 
in the Equinodtial ine on the Ceeling, I deſcribe the 


- Arches 1, II, II, 111, as in the Figure, and finding 


the diſtance from the Meridian of the Hour-lines of 
an Horizontal Dyal to-be according to the third Po. 
bleme. Thus 


, 11,40 _ 78,20 
The { 2 \ # clock Hour- { 24:15 \ rjement { 65-45 \. 

: line 38. 4 | to gois | SI-56 

4 \ $3-36 36,24 


I meaſure in a Quadrant of the ſame Radius with 
thoſe Arches already drawn from the. Equinodtial line, 


| bs $4no 3; 
2 65.45 
for the | | a Clock M1 51.56 | : 
4 36.24 


and transfer theſe diſtances to the Arches drawn on 
the Ceeling : forthen ſtraight lines drawn through the 
mark in the. Arch, and through the mark in the Equa- 

| ror, 
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tor , and prolonged both wayes to a convenient 
length, ſhall be the ſeveral Hour-lines (aforeſaid) And 
when the Sun ſhines upon the Glaſs at Nodus,its. Beams 
ſhall reflet upon the Hour of. the day. 


Pon IL EXNTE 


The Legs of a Right Angled Spherical Triangle 
ziven, To find the Hypothenuſa and the two- 
other Angles. TT 


I! Have in the 2/e of the Globes explained the Parts 
' and Kinds of Spherical Triangles, and deliyer- 
. ed ſuch Theorems as are introductive to their Soluti- 
on 3 Therefore ſuppoſing them already learnt, 1 
come directly to the Operation ; only note that the 
Baſe of a Right. Angled Spherical Triangle, ſhall in 
this following Treatiſe be alwayes placed on the Solfti-- 
cial Colure, the Perpendicular on the Equator, the 
 Hypothenuſa on the Vertical Circle, and the Angle at 
the Baſe ſhall be meaſured in an Arch of the: Ho- 
rizon, ; 

Elevate the Horizon go degrees, ſo ſhall the Equi-- 
noQial and Vertical- Circles be in the Zenith. Then 
count from the EquinoQial on the Solfticial Colure 

the number of degrees the Baſe contains, :and there 
make a prick : Then count in the EquinoGQtial from 
theSolſticialColure the number of degrees thePerpen- 
dicular contains,and make there a ſecond prick:Bring 
the Brazen Meridian to that prick,So ſhall the Solſtici- - 
al Colure be ſeparated from the Brazen Meridian by 
the quantity of: an Arch equal tothe meaſure of the 

X- 3Z ; Per- 7 
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Perpendicular : Then bring the Vertical Circle to the 
prick made in the Solfticial Colure 3 fo ſhall the Tri- 


| angle be repreſented on the Sphere. The Baſe ſhall 


lye onthe Solfticial Colure between the EquinoRtal 
and the Vertical Circle, the Perpendicularin the Equi- 
nodtial between the Soltticial Colure and the Brazen 
Meridian, and the Hypothenuſa on the Vertical Circle 
betweerr the Zenith and the Solſticial Colure : and 
the number of degrees between each of theſe re- 
ſpective Arches, ſhall be the meaſure of each reſpe- 
ſpedtive ſides for the Angles, The Right Ro is al- 
wayes 9e degrees, the meaſure of the Angle at the 
Perpendicular, is numbred between the Eaſt point in 
the Horizon and the Vertical Circle : But to find the 
Angle at the Baſe you mult tura the Triangle, making 
the Perpendicular Baſe, and the Baſe Perpendicular, 


Having the two Legs given, AB 7g degrees 15 mi- 
nutes, and CA 23 degrees 8 minutes, 1 would find 
wo meaſure of the Hypethennſs C B, ani the An- 

es B C. 

n The Horizon elevated as before, I make A B Baſe, 
and C A Perpendicular, counting on the: olſticial Co- 
lure from che EquinoQiial 79 degrees r 5 minutes, and 
chere I make a Prick : Then I number in the Equi- 
noctial from the Solfticial Colure 2; degrees 8 mi- 
nutes, the leogth of the Perpendicular ; and there 
I make aſecond prick : To this prick I bring the bra- 
zen Meridian; So is the Solſticial Colure ſeparated 
from the Brazen Meridian ſo many degrees and mi- 
nutes as is the length of the Perpendicular C A.Then I 


move 
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move the 


- Vertical .. 

Circle till -, ©\> « 
the edge *<=<. = 
of it touch R © m— 
the Prick 

made - in es 

the Solſti- Ah 


cial Colure ; So ſhall the number of degrees and mi- 
nutes of the Vertical Circle camprehended between 
the Solſticial Colure and the Zenith be the meaſure 
of the Hypethenuſa C B ; which in this Example is 80 
degrees 8 minutes: The number of degrees in the 
Horizon —_—_— between the Equinoctial and 
the Vertical Circle of the Angle C, $5 degrees 4 4 
minutes - the Angle A is aright Angle, go degrees : 
Andto find the Angle B, turn the Triangle, thus: As 
before A B was Baſe, fo now make C A Baſe ; and as 
before A C was Perpendicular, B A ſhall be Perpendi- 
cular : ſo is the Triangle turned, 

Now, as before I B 
counted 79 degrees 15 
minutes from the Equt- 
noQial on the Colſticial 
Colure, which was the 
length of that Baſe, fo 
vow I count 23 degrees 
$ minutes on the Solſti- 
cial Colure,which is the 
length of this Baſe, and 
there 1 make aprick : 
and as before I counted 
23 degrees $8 minutes 
on the Equinodtial from 
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the Solſticial Colure, which was the length of thar 
Perpendicular , ſo now I count. 79 degrees 15 mi- 
nutes on the EquinoQial, which is the length of this 
Perpendicular ; and there I make a prick on the Equis 
ngQial, Then I bring the brazen Meridian to this 
prick (as before) So ſhall the Solfticial Colure be di- 
ſtant (as before) from the brazen Meridian ſo many 
degrees and minutes as is the length of this Perpendi- 
cular, v:z. 79 degrees 1 5 minutes : Then I bring the 
Vertical Circleto the Prick made on the Solſticial Co- 
lure at 23 degrees 8 minutes diſtant from the Equi- 
noQial; ſo is the Triangle turned : And ſo ſhall the. 
Arch of the Horizon comprehended between . the 
EquinoCtial and the Vertical Circle be the meaſure 
of the Angle B 23 degrees 3ominutes. You alſo ſee 
again the mcaſure of the FypothenuſaB C' 80 degrees 
$ minutes on the Vertical Circle counted between the 
Zenith and the Solfticial Colure, | 


PROB, L XXV IL. 
A Leg and the Hypothenuſa given, To find the 


reſt. 


Examples 


T He Leg given ſhall be C A in the former 'Trian- 
ole 23 degrees 8 minutes, the Hypothenuſa C B 
80 degrees 8 minutes. The Horizon elevated as by 
the laſt Probleme, number the Leg CA 23 degrees 8 
minutes onthe Equinodtial from the Solſticial Colure, 
and there make a prick ; Bring the brazen Meridian 
to 
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to this prick ; then number on the Vertical Circlethe 
Hypothenuſa BC $80 degrees 8 minutes from the Ze- 
nith towards the Horizon, and make there on the 
edge of the Vertical Circle another prick ; Then 
move the Vertical Circle till the Prick made on the 
edpe of it come to the Solſticial Colure ; ſo ſhall the 
Triangle be made : The Arch of the EquinoCtial 
comprehended between the Solfticial Colure and the 
brazen Meridian, ſhall repreſent A C the Perpendicu- 
lar : The Arch of the Vertical Circle comprehended 
between the Zenith and the Solfticial Colure, ſhall re- 
preſent B C the Hypothenuſa 5 and the Arch of the 
Solfticial Colure comprehended between the Equi- 
noCtial and the Vertical Circle, ſhall repreſent B A the 
Baſe; which was one Leg ſought, andis (as you will 
find) 79 degrees x 5 minntes : The Angle C you will 
find in the Horizon 85 degrees 44 minutes 3 The An- 
gle Ais the Right Angle 9o degrees; and to find the 
Angle B you muſt turn the Triangle, as you were di- 
rected in the former Probleme. | | 


PRoB., LAXVYELL 
The Hypothenuſa and an Angle given, To find 


the reſt. 


T* Hypothenuſa given ſhall be B C of the Tri- 
angle in Prob.7 6.80 degrees 8 minutes, the An- 
ole given ſhall be C 85 degrees 44 minutes : The Ho- 
rizon rectified as by Preb.76. Count the given-Angle 


$5 degrees 44 minutes on the Horizon from the Equi- 


noQial, and there place the Vertical Circle : Then 
_ Y turn 


I6 
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turn about the Earth till 8 degrees 8 minutes of the 
Vertical Circle counted from the Zenith downwards 
come to the Solſticial Colure, fo ſhall the Triangle be 
made on the Sphere, The Arch ofthe Equator com- 
prehended berween the Solſticial Colure and the bra- 
zen Meridian ſhall ſhew the length of the Perpendi- 
cular C A 23 degrees 8 minutes : The Arch of the 
Solſticial Colure comprehended between the Equi- 


_nodtial and the Vertical Circle ſhall ſhew the length 


of the Baſe A B 79 degrees 1 5 minutes; The Right 
Angle made at the Interſe&ion of the brazen Meridi- 
an with the EquinoQtial is go degrees : And to find 
the meaſure of the Angle B, you muſt turn the Trian- 
gle, as you; were direaed Prob. 76, 


PrROB L AXIA. 


4 Leg and the Angle adjoyning given, To 
find the reſt. | 


Fe the Triangleof Prob,76, The Leg given ſhall be 
CA 23 degrees 8 minutes, the Angle adjoyning 


- ſhall be C85 __— 44 minutes. The Horizon re- 


ified as by Prob.76. I turn about the Earth till. the 
Solfticial Colure be diſtant from the brazen Meridian 
2.3 degrees 8. winutes the length of the Leg CA: 
Then I count on the Horizon from the Equinodal s 5 


_ deyrees 44 minutes, the meaſure of the Angle C ; fo 


is the Triangle made on the Sphere, The Aschof the 
Solſticial Colure comprehended between the Vertical 
Circle and the Equinoctial ſhall hew the length of the 
Baſe AB 79 degrees 1 5 minutes :. The — on 
- Vertica 


Book II. and Geography. : 


Vertical Circle comprehended between the Zenith 
and the Sollticial Colure ſhall ſhew the length of che 
Hypothenuſa C B 80 degrees 8 minutes : The Right 
Angle made at the Interſection of the Equinoctial and 
the brazen Meridian is go degrees : And to find the 
meaſure of the Angle B, you muſt turn the Triangle, 
as you were directed Prob.76, 


PROB, L XXX. 
A Leg and the Angle oppoſite given, To find 


the reſt. 


N the Triangle of Prob.76. the Leg given ſhall be 
AB 79 degrees 15 minutes, the Augle oppoſite 
ſhall beC 8s —_ 44 minutes. The Horizon re- 
dified as by Prob.76. 1 bringthe Vertical Circle to 85 
deprees 1 5 minutes of the Horizon, the meaſure of 
the Angle C: Then I turn the Earth till the Vertical 
Circle come to 79 degrees 15 minutes of the Solſti- 
cial Colure (which is the meaſure of the Leg AB) fo 
is the Triangle made on the Sphere, The Arch of the 
EquinoCtial comprehended between the Solfticial Co- 
lure and the brazen Meridian ſhews the length of the 
Leg CA 23 degrees $8 minutes : The Arch of the 
Vertical Circle comprehended between the Zenith 
and the Solfticial Colure ſhall ſhew the length of the 
Hypothenuſa C B 80 degrees 8 minutes : The Righr 
Angle made at the Interſeion of the Equinocti- 
al and the brazen Meridian, is 9o degrees : And to 
find the meaſure of the Angle B, you muſt turn the 
Triangle, as you were directed in Prob. 76, 
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Pro LL XXII. 
The Angle given, To find the Sides. 


N this caſe you muſt turn the Angles into Sides, 
making an Oblique Triangle on the Sphere, whoſe 
Sides ſhall be equal to the given-Angles : So ſhall the 
Angles of this Triangle tound, be the meaſure of the 
Sides required. 


Example. 


In the Triangle of Prob. 76. the Angle A is 9o de- 
grees, the Angle B 23 degrees zo minutes, the Angle 
C 85 degrees 44 minutes, The Horizon ReCtified as 
by Preb.76, 1ſetthe Right Angle A go degrees on the 
brazen Meridian between the Pole and the Equi- 
noCtial ; For the Angle B I number fromthe Zenith 
on the Vertical Circle 23 degrees zo minutes, which 
ſhall-be the fide repreſenting that Angle : For the 
Angle C I number on the Solſticial Colure from the 
Pole of the Earth towards the EquinoGtial $5 degrees 
44 minutes, which ſhall be the Side repreſenting that 
Angle. Then I turn the Earth and move the Verti- 
cal Circle till 1 can joyn the 23 degrees 3o minutes 
counted before on the Vertical Circle and this $5 
degrees 44 minutes counted on the Solfticial Colure 
together 3 Soisa Triangle made on the Sphere, whoſe 
fide being equal tothe Angles given, ſhall-have its An- 
gles equal to the Sides required, Thus the Archof 
the EquinoCtial- comprehended between the Solſtici- 

| "at: 
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al Colure and the brazen Meridian ſhall be found 2 3 
degrees 8 minutes, the meaſure of the ſide AC: 
The Arch of the Horizon contained between the 
neareſt Pole and the Vertical Circle ſhall be found 
79 degrees 15 minutes, the meaſure of the fide BA : 
And to find the Hypotenuſa B C,you have now Data's 
enough, either to find it as by ſome of the former 
Problemes ; orelſe you may find it by turning the Tri- 
angle, as by Prob. 76. 
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Of Oblique Triangles. 


PrROB. LAXXIL, 
The three Sides given, To find the Angles. 


QEt the Horizon above the Equinoctial on the Meri-- 


; dian, the ſpace of an Arch, equal to one of the 
given-Sides,. ſo ſhall that given-Side be compreheided 
between the Pole and the Zenith : Then count. from 
the Pole upon the Solfticial Colure the meaſure of the 
ſecond Side,and there make a prick ; Count alſo from 
the. Zenith on the Vertical Circle downwards the mea- 
ſure of. the third fide, and make there on the edge of 
the Vertical Circle another prick ; Then turn the 
Earth and Vertical Circle till you can joyn theſe two 
pricks together ; So ſhall your Triangle be made on 
the Sphere : And then the number of degrees of the 


EquinoCtial comprehended between the Solſicial Co-- 
SE 3 lure.: 
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lure and the brazen Meridian ſhall be the meaſure of 
the Angle at the Pole : The Arch of the Horizon 
comprehended between the Vertical Circle and the 


interſection of the brazen Meridian with the Horizon 


on that ſide the Pole is elevated ſhall be the meaſure 
of the ſecond Angle. And for finding the third An- 
gle, you muſt turn the Triangle as by Prob, 76. 


Example. 


In the Triangle A B C annexed, The Side A B con- 
tains 38 degrees 30 minutes, the fide BC 25 degrees, 
and the fide AC 60 degrees 3 I would meaſure theſe 
Angles. I place | | 
one of theſe 
ſides upon the 
brazen Meridian 
viz, AB 38 deg. 
30 minutes : the 
Complement of 
38 deg. zo min, 
is 51 degrees 3o minates 3 thereforeTelevate the Pole 
51 degrees 30 minutes above the Horizon , ſo ſhall 
the Zenith be diſtant from the Pole 38 degrees zo 
minutes , and count downwards on the Vertical Cir- 
cle the meaſure of the fide BC 25 degrees, and there 
I make a prick : Then from the Pole I count on the 
Solſticial Colure 6o degrees, the meaſure of the ſide 
A C, and there I make another prick : Then I move 
the Earth and Vertical Circle backwards or forwards, 
till theſe two pricks are Joyned together 5 So ſhall the 
Triangle AB C be made on the Sphere : The Arch 
of the brazen Meridian comprehended between the 
Pole and Zenith hall repreſent the fide AB; 

| | | The 
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The Arch of the Vertical Circle comprehended be- 


tween the Solfticial Colure and the brazen Meridian 


ſhall repreſentthe ſide B C ; and the Arch of the Sol- 
ſticial Colure comprehended between the Pole and 
the Vertical Circle ſhall repreſent the fide AC ; The 
Pole ſhall repreſent the Angle A ; the Zenith the An- 
gleB; and the interſection of the <olſticial Colure 
with the Vertical Circle ſhall repreſentthe Angle C. 
The Angle at the Pole is meaſured in the Equator ; for 
the Degrees comprehended between the Solſticial Co- 
lure and the brazen Meridian being 17 degrees 15 
minutes ſhews 17 degrees 15 minutes to be the mea- 
ſure of the Angle A : The Angle at the Zenith is mea- 
ſured in the Horizon ; for the degrees comprehended 
between the Interſection of the brazen Meridian with 
the Horizon on that fide the Pole is eleyated being 
142 degrees 42 minutes, ſhews that 142 degrees 42 
minutes is the meaſure of the Angle B. Thus two 
Angles are found ; the third is wanting : which I find 
thus. | 

I curn the Triangle, placing either A or Cin the 
Zenith, 


Example. 


I place A at the Zenith, which before was atthe 
Pole ; ſo ſhall C beat the Pole, and B at the Inter- 
ſeQion of the Solfticial Colure and Vertical Circle, 
and the fide A C ſhall be comprehended between the 
Pole and the Zenith : The fide A C contains 60o de- 
orees 3 its Complement to go, is zo degrees; there- 
tore I ſet the Horizon zo degrees below the Pole ; fo 
ſhall 60 degrees be in the Zenith : Then I count 


on the Vertical Circle from the Zenith downwards 
the. 
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the meaſure of the other fide, viz. 38 degrees 3o mi- 
nutes, and there I make a prick : and from the 
Pole on the Solfticial Colure I count the meaſure of 
the laſt fide, vi5. 25 degrees, and there I make ano- 
ther prick: Then I move the Earth and Vertical Cir- 
cle(as before) till theſe two pricksjoyn , ſo is the Tri- 
angle altered on the Sphere ; for the Arch of the bra- 
zen Meridian comprehended between the Pole and 
Zenith, which before was 38 degrees zo minutes, 
is now 60 degrees; the Arch of the Vertical Circle 
comprehended between the Solſticial Colure and the 
brazen Meridian, which before was 25 degrees, is 
now 38 degrees 30 minutes ; and the Arch of the 
Solſticial Colure comprehended between the Vertical | 
Circle and the Pole, which before was 60 degrees, is 
now 25 degrees, Thus the Angle C being now at 
the Pole, its meaſure is found in the EquinoGtial, viz. 
that Arch comprehended between the Solfticial Co- 
lure and the brazen Meridian 3 which is 25 degrees 
24 minutes ; and the meaſure of the Angle A, which 
is now in the Zenith, having its ſides, the one an 
Arch of the brazen Meridian, the other an Azimuth, 
( or which is all one) an Arch of the Vertical Circle 
is meaſured in the Horizon, as all Azimuths are, and 
found 17 degrees 15 minutes, as before, 
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PROoB. LXXXII1IL 


Two Sides and the Angle contained between them 
given, To find the reſt. | 


Example, 


N the former Triangle I have given the ſides AB, 
I 38 degrees 30 minutes, AC 60 degrees, and the 
Angle A 17 degrees 1 5 minutes. Es 

] elevate the Pole 51 degrees zo minutes ; So ſhall 
the Zenith be diſtant from the Pole 38 degrees zo mi- 
nutes, the meaſure of the fide A B : The other fide is 
60 degrees : This 60 degrees I count from the Pole on 
the Solſticial Colure, and there I makea prick : The 
Angle givenis 17 degrees 15 minutes : This I'count in 
the Equinoctial from the Solfticial Colure, and to this 
degree-and minute in the EquinoQtal.I bring the 
brazen Meridian ; So ſhall the Solſticial Colure be ſe- 
parated from the brazen Meridian 1 7 degrees 1 5 mi- 
nutes : Then bring theſide of the Vertical Circle to 
the prick made on the Solſticial Colure ; So ſhall the 
Triangle be made on the Sphere. 

Then to find the unknown fide B C, 1 count the 
number of degrees on the Vertical Circle comprehen- 
ded between the Zenith and the Solfticial Colure, and 
find 25 degrees, which is the meaſure of the fide 
BC. To find the meaſure of the Angle B, I count 
the number of degrees contained between the Inter- 
ſeQion of the Meridian with the Horizon from that 
ſide the Pole is Elevated, and the Vertical Circle, _ 

Z | nd 
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find 142 degrees 42 minutes, which is the meaſure of 
the Angle B: And tofind the Angle C, I turn the 
Triangle, asin Prob. 76, 


PROK EL AXEATHHL 


Two Sides and an Angle oppoſite to one of them 
given, To find the reſt. 


Example. 


| the Triangle in Prob. 82. the Sides given are AB 
38 degrees zo minutes, and A C 60 degrees: The 

Angle given oppoſite to A C 'is B 142 degrees 42 mi- 
futes : I elevate the Pole to the Complement of one 
of the given-ſides ; ſuppoſe AB, which being 38 
degrees zo minutes, its Complement to go deg. is 51 
deg. 3o min. So is the Zenith diſtant from the Pole 3s 
deg. 3e.min. Then I bring the Vertical Circle to 142 
degrees 42 minutes (the meaſure of the given-Angle) 
counted from the Interſection of the Meridian with 
the Horizon on that fide the Pole is Elevated : Then I 
count on the Solfticial Colure from the Pole the mea- 
ſure of thefide AC 60 degrees, and there I make a 
prick ; And laſtly turn about the Earth till the edge of 
the Vertical Circle come tothe prick ; So is the Tri- 
angle made on the Sphere. The degrees of the Ver- 
tical Circle comprehended between the Solfticial Co- 
ture and the Zenith, being 25 degrees, is the meafure 
of the fide B C: The degrees of the EquinoQtial com- 
prehended between the Solfticial Colure and the bra- 
zen Meridian, being 17 degrees x5 minutes, is the 
, meaſure 


4 
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meaſure of the Angle A. And for finding the mea- 
ſure of the Angle C, 1 turn the Triangle, as in 
Probleme 76. | 


PROB LXXXY. 


Two Angles and the Side comprehended between 
them given, To find the reſt. 


| Example. 
N the Triangle of P706.82. the Angles given are A 
17 degrees 15 minutes, and B 142 degrees 42 mi- 
nutes, the Side comprehended between them is A B 
38 degrees 30 minutes ; I ſet the Zenith 385 degrees 
diſtant from the Pole, and count on the mags, em 
the Interſe&tion of the Meridian with the Horizon on 
that ſide the Pole is elevated the meaſure of the given- 
Angle B, viz. 142 deg, 42 min, aud to this number 
of degrees and minutes of the Horizon, I bring the 


| edge of the Vertical Circle ; then I turn the Earth 


till che brazen Meridian is diſtant from the Solſticial 
Colure 17 degrees 15 minutes of the Equinodtial, 
which is the meaſure of the other given-Angle ; So 
ſhall the Triangle be made on the Sphere; and the 
Arch of the Vertical Circle comprehended between 
the Solſticial Colure and .che Zenith ſhall be the mea- 
fare of the fide B C 25 degrees, and the Arch of the 
Solfticial Colure comprehended between the Pole and 
its Interſection with the Vertical Circle ſhall be the 
meaſure of the fide A C 60 degrees, The meaſure 
of the Angle Cis found by turning the Triangle, as in 


Prob.76. 
Z 2 PROB, 


I7Z 


A Tutor to Aſtronomy 


Book Il. 


Pazos LEXXVHI 


Two A neles and a Side oppoſite to one of them vi- 
ven, To find the reſt. 


Example. 


| bay the 'Triangle of Prob,82. the Angles given are A 
17 degrees 1 5 minutes, and B 142 degrees 42 mi- 
nutes 3 the Side given is B C 25 degrees, being the 
fide oppoſite to the Angle A 3 the Angle A is made at 
the Pole of the Earth, and meaſured in the Equator : 
Therefore I ſeparate the brazen Meridian from the 
Solfticial Colure 17 degrees 15 minutes onthe Equi- 
noctial ; £o doth the Pole repreſentthe Angle A. The 
Angle B is made at the Zenith, and meaſured in the 
Horizon : Therefore I count on the Horizon 142 deg, 
42 mia, and there I make a prick 3 to this prick I bring 
the edge of the Vertical Circle ( not minding what 
degree of the Meridian I make the Zenich ) Then 
1 count from the upper end of the Vertical Circle 25 
degrees downwards, the meaſure of the fide B C, and 
there I makea prick, and keeping the Vertical Circle 


' tothe prick made on the Horizon, I flide the upper 


end of it forwards or backwards till the prick on the 
Vertical Circle come to the Solſticial Colure ;. So 


- ſhall the Triangle be made on the Spher2 : Then the 


Arch of the brazen Meridian comprehended between 
the Pole and the upper End of the Vertical Circle,ſhall 
be the meaſure of the fide A B 38 degrees zo minutes ; 
and the Arch of the. Solſticial Colure comprehended 

Mm between 
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between the prick on the Vertical Circle, and the 
Pole ſhall be the meaſure of the fide A C co degrees, 

But the Angle C you muſt find by turning the Tri- 
angle, as in Prob.g6, * + 


PROB L AAXVEL 
T hree Angles given, To find the Sides. 


"His Triangle is taught to be reſolved by Mr, Pal- 
+ mer on the Planiſphere, Book 3. Chap. 19. 

[t is to be known(faith he) that if you go tothe Poles of 
the three great Crcles whereof your Triangle is made, theſe 
Poles ſhall be the Angular Points of a ſecond Triangle 3 
and the two leſſer fides of this ſecond Triangle, ſhall be 
equal to the two leſſer Angles of your firſt Triangle : The 
greateſt fide of the ſecond Triangle ſhall be the Jupplement 
of the- greateſt Angle of the firſt Triangle. (that ts, ſhall 

* have as many degrees and minutes as the greateſt Angle of 
the firſt Triangle wanted of 180 degrees.) See Ptiſcus 
Trigonometry, L1b, 1. Prop.6t. 

This ſecond Triangle therefore ( all whoſe Sides 
are known from the Angles of the firſt ) -you ſhall re- 
ſolve by Prob. $2. and having by that Probleme found 
« the Angles of this ſecond Triangle, know that the 
« two lefler Angles of the ſecond Triangle,ſhall be ſe- 
« yeral- and reſpectively equal to the two lefler fides 
« of the firſt Triangle (and the leaſt Angle to the leaſt 
« fide, the middle Angle to the middle fide ) and the 
« oreateſt Angle of this ſecond Triangle being ſub- 
«.{tracted out of. 180- degrees, ſhall leave you the 

*«« oreateſt ſide of your firſt Triangle. 


Z 3 ; Example. . 
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Example. 


If the Angles given be 142 degrees 42 minutes, r7 
degrees 1 5 minutes, and 25 degrees 24 minutes ; and 
the ſides be enquired. Draw by aim a rude Scheam 
of this firſt Triangle, writing in the Angle A 17 de- 
grees 15 minutes, in B 142 degrees 42 minutes, in C 
2 5 degrees 24 minutes, ſuppoſing the fides yet un- 
known : then draw under this by aim alſo a Scheam 
of the ſecond Triangle, ſetting his Baſe parrallel with 
the Baſe of the firſt Triangle, and making the Baſe of 
the ſecond ſhorter than the Baſe of the firſt, Setalſo 
Bartthe Vertical Angle, and AC at the Baſe; asin 
the firſt Triangle. 

Then ſay, | 

Becauſe A in the firſt Triangle is 17 degrees r 5 mi- | 
nutes ; therefore in the ſecond Triangle B C (which 
ſubtendeth A) ſhall be 17 degrees 15 minutes : and 
becauſe C in the firſt Triangle is 25 degrees 24 mi- 
nutes, therefore in the ſecond Triangle the fide AB 
(which ſubtendeth C) ſhall be 25 degrees 24 minutes ; 
and becauſe B the greateſt Angle 1n the firſt Trian- 
gle, is 142 deg, 42 minutes 3 therefore in the ſecond 
_ Triangle, thefide A C (which ſubtendeth B) ſhall be 
the Complement thereof to 1 $0 degrees, wiz. 37 deg. 
18 minutes : Write now upok the ſides of this ſecond 
Triangle, the quantities of the ſides, ſo is your ſecond 
Triangle ready to be reſolved, as by Prob. 82. Where- 
by you ſhall find the Angles of the ſecond Triangle,as 
I have expreſſed themin the Scheam. A 25 degrees, 
C 38 degrees 30 minutes, B 1 20 degrees, 


Now 


= 2 hes nth Eft © oat vc etl inroads 


— 


Bo ok 11. and Geography. = 2 
Now laftly, 1 fay theſe Angles of the ſecond Tri. : 


angle thus found, give me the ſides of ' 
gle; which 1 ſeek A fe pnrnioug $of the firſt Trian- 


Ma 
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In the ſecond Triangle, In the firſt Triane 
C Ais 25 degrees, | BCis 2x h—— 
5 C 1s 38. 30. Therefore ; AB 38. 30, ; 
Bis 120, 09. AC 60, oo, Complement 


of 120 deg. to 180, 
And thus by all the 
Angles given , we 
have found outall 
the ſfides;which was 
required, _ 
Having then the 
Angles of your firſt 
Triangle given,and 
its ſides now found, 
you ſhall find its 
ſcituation on the 
Sphere thus : Place 
(asin Prob.$2.) AB 38 degrees 30 minutes on the bra- 
zen Meridian between the Pole and the Zenith, and 
ſeparate the brazen Meridian from the Solfticial Co- 
lure 17 degrees 15 minutes of the EquinoGial, A C 
60 degrees on the Solfticial Colure, BC 2x5 degrees 
on the Vertical Circle counted from the Zenith when 
it is applyed to 142 dgerees 42 minutes of the Ho- 
rizon : you ſhall ſay, Becauſe the Eaft point of the 
Horizon is the Pole of the Arch A B, therefore atthe 
Eaft point of the Horizon ſhall ftand the Avgle C, 
which A B ſubtendeth : Then number from the Yer- 
tical Circle on the Horizon Eaftwards go degrees 3 
and 
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and there is-the Pole of the Arch B C : Therefore 
there ſhall ſtand the Angle A, which B C ſubtendeth, 
Then count in the Equator from the firſt Meridian 90 
degrees, which will end in the Autumnal Solſtice, and 
there make a prick ; for there is the Pole of the Arch 
or Side AC, Therefore at that prick ſhall ſtand the 
Angle B, which A C ſubtendeth. 

Here you ſee your- ſecond Triangle made by the 
Poles of the firſt : Only the Side A B is wanting : To 
get that, bring one of the Circles of Longitude to 
that point in the Horizon you found the Pole of the 
Arch BC to liein, wv. to 37 deg. 18 min, beyond 
the Eaſt point Northwards, and at that point on the 
Horizon make a prick on the Circle of Longitude ; 
Then move the Earth and Vertical - Circle to or fro till 
that prick and the prick made before for the An- 
gle By are bo that once cut by the Side of the Ver- 
tical Circle, and you will find 25 degrees 24 minutes 
of the Vertical Circle comprehended between the two 
pricks, for the meaſure of the fide AB. 


PRxoB ELKXXVIIL 


How to let fall a Perpendicular that ſhall divide 
any Oblique Spherical Triangle into two Right 
Angled Spherical Triangles. 


| bon the Oblique Triangle of the former Problemes, 
there is given the fides AB 385 degrees, and 
BC 25 degrees, and the Angle C 25 degrees 24 
minutes, Itis required to let fall a Perpendicular B a 

| from 
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I ee ents ae as 
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from the Angle B, up- 
on the Baſe A C;and. B 


to know both the _— 

meaſure of this Pet- BI 
pendicular, and the OC 
parts it divides the pg «> >< 
Baſe into, _ 

Therefore Elevate the Pole above the Horizon ſo 
much as is the meaſure of the Angle C, which in this 
Example is 25 degrees 24 minutes, and bring the Eaſt 
pointof the Horizon to the InterſeCtion of the Solſti- 
cial Colure with the EquinoCtial ; fo ſhall the Angle 
at the Eaſt point of the Horizon comprehended be- 
tween the Horizon and the Solſticial Colure, be equal 
tothe Angle C: then count in the Solſticial Colure 
from the Eaſt point of the Horizon the meaſure of 
the ſide BC 25 degrees,and bring the graduated edge 
of the Vertical Circle to theſe 25 degrees ; ſo ſhall 
the Arch of the Horizon comprehended between the 
Eaſt point and the Vertical Circle be the number of 
degrees that the Perpendicular falls upon the Baſe, 
counted from the Angle C to a, which in this Exam- 

ple is 212 degrees, and the Arch of the Vertical Cir- 
cle comprehended between the Horizon and the Sol- 
ſticial Colure, is the meaſure of the Perpendicular B a 
I 1 degrees, 

And thus by letting fall this Perpendicular you have 
two Right angled Spherical Triangles made, the one 
BaC, wherein is tound Ca, 215 degrees, BC 25 
degrees, B a 11 degrees,C 25 degrees 24 minutes,and 
athe Right angle : there remains only the Angle B un- 
known 3 which you nwſt find by turning the Triangle, 
as w2s taught Prob, 76. The other Right m_— Sphe- 
rical Triangle made, is Ba A, wherein is found A a 

Aa (Complement 


: * " 
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( Complement to 213 degrees to 60 degrees (the 


' _ whole Baſe before given) 38: degrees, AB 38 degrees 


30 minutes, B a 11 degrees, and @ the Right angle ; 
which is more than enongh to find the Angle A and B. 
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